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ABSTRACT i n  l i n e  6 - 
SUMMARY (page 1) i n  l i n e  6 -- 
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Page 4 i n  8 t h  column heading of t h e  
1977 
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Page 49 i n  7 t h  column heading o f  t a b l e  B1,and i n  7 t h  column heading of  
taule B2f 
Page 50 i n  7 t h  column heading of t a b l e  B3 L 
Two of t h e  thermodynamic c o n s t a n t s  f o r  f luorocarbon CC12F2 are i n  e r r o r .  
P l ease  make t h e  following changes on page 49: 
Table  B 1 :  I n  column 3 ,  change t h e  va lue  fo r  A2 from -1.9 X IO2 t o  
-9.16 x IO1/ 
Table  B2: I n  column 2 ,  change t h e  v a l u e  fo r  c4 from -2.84 x t o  
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An error has been found in the computer code which caused the tabulated 
fluorocarbon values of h/RT, c /R, and s/R to be in error by a constant 
multiplier. The molecular weigh! of CF4 was erroneously used in conjunction 
with the universal gas constant, R, and the ice point of water, T(273.15O K), 
in converting the fluorocarbon values from U.S. Customary Units to the tabu- 
lated S.I. Units. The values in tables I, 11, 111, V, and VI are still usable, 
but conversion back to dimensional values will be in error unless multiplied 
by the molecular weight of the fluorocarbon in question divided by the molecular 
weight of CF4. 
Example: In table I1 convert s/R = 7.50 to dimensional units: 
e -  
R = R/M 
where 
R universal gas constant 
M molecular weight of CC12F2 
- 
- 
However, the molecular weight of CFh was incorrectly used to obtain s/R = 7.50. 
Therefore this value must be multiplied by hCC12FdiiCF4 to obtain the correct 
value for s / R :  
- S = 7.5 (l2;ig? - = IO. 3057 
R 
The dimensional value of s is obtained as follows: 
I 
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The following corrections t o  the computer code will correct the error: 
Page 21: Change line 375 from 
IF(UNIO.GT.1.) STAB(1) = STAB(I)/44.289180 
to IF(UNIO.GT.1.) STAB(1) = STAB(I)/(EM/1.987) 
Page 22: Change line 390 from 
IF(UNIO.LE.1.) STAB(1) = STAB(I)/44.289180 
to IF(UNIO.LE.1.) STAB(1) = STAB(I)/(EM/1.987) 
Page 39: Change lines 173 and 174 from 
OUTS = S * 44.289180 
OUTH = H * .O90075418 
to OUTS = S * (EM/1.987) 
OUTH = H * (EM/976.9483) 
Change line 176 from 
OUTCP = CP * 44.289180 
to OUTCP = CP * (EM/1.987) 
Chang2 line 193 from 
'IF(UNIO.EQ.2.) XPLOT(NN) = OUTH * .090075418 
to IF(UNIO.EQ.2.) XPLOT(NN) = OUTH (EW976.9483) 
Page 43: Change line 54 from 
OUTS = STAB(1) * 44.289180 
to OUTS = STAB(1) * (EM/1.987) 
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SUMMARY 
Equat ions and computer code are g iven  f o r  t h e  therm dynami p r o p e r t i e s  o f  
gaseous f luo roca rbons  i n  chemical e q u i l i b r i u m .  I n  a d d i t i o n ,  t h e  thermodynamic 
p r o p e r t i e s  of several b i n a r y  m i x t u r e s  of f luo roca rbons  and -argon are inc luded .  
The computer code calculates t h e  thermodynamic p r o p e r t i e s  and,  i n  some cases, 
t h e  t r a n s p o r t  p r o p e r t i e s  f o r  t h e  fo l lowing  f luo roca rbons :  
CF4, CHC12F, CHF3, CCl2F-CClF 
CC13F, CC12F2, CBrF3, 
CC1F2-CC1F2, CF3-CF3, and C4F8. b’ 
Equi l ib r ium thermodynamic p r o p e r t i e s  are t a b u l a t e d  for s i x  o f  t h e  f luoro-  
a d imens ion le s s  en t ropy  s / R  i n  i nc remen t s  of 0 .5  and up t o  588 K .  Pressure- 
en tha lpy  diagrams c o n t a i n i n g  l i n e s  of c o n s t a n t  e n t r o p y ,  t empera tu re ,  volume, and 
c o m p r e s s i b i l i t y  factor can be g e n e r a t e d  by t h e  computer program. An example o f  
t h e s e  p l o t s  has  been inc luded  f o r  CBrF3. 
carbons (CC13F, CC12F2, CBrF3, “4,  CF3-CF3, and C4F8) f o r  c o n s t a n t  v a l u e s  O f  
The thermodynamic p r o p e r t i e s  are a l s o  t a b u l a t e d  f o r  two e q u i l i b r i u m  i sen -  
t r o p i c  expansions f o r  b i n a r y  mix tu res  of CBrF3-argon and CCl2F2-argOn. 
INTRODUCTION 
S e v e r a l  gaseous f luo roca rbons  are being o r  have r e c e n t l y  been used i n  hyper- 
s o n i c  wind t u n n e l s  t o  s i m u l a t e  real-gas e f fec ts  on aerodynamic shapes.  (See 
re fs .  1 and 2 . )  Also fluorocarbon-argon mix tu res  are c u r r e n t l y  being examined 
f o r  nozz le  exhaus t  plume s i m u l a t i o n  a t  hypersonic  speeds.  (See r e f s .  3 and .4 . )  
T h i s  r e s e a r c h  i n  t u r n  h a s  gene ra t ed  i n t e r e s t  i n  t h e  thermodynamic and t r a n s p o r t  
p r o p e r t i e s  o f  f l uo roca rbons  and f luorocarbon-argon mix tu res .  
A p rev ious  computer code ( r e f .  5)  was w r i t t e n  t o  g e n e r a t e  t h e  p r o p e r t i e s  
for  CF4. 
w i l l  provide t h e  thermodynamic p r o p e r t i e s  and,  i n  some cases, t h e  t r a n s p o r t  
Th i s  r e p o r t  d e s c r i b e s  a more g e n e r a l  v e r s i o n  of t h a t  program which 
p r o p e r t i e s  for t h e  fo l lowing  f luo roca rbons :  
CHF3, CCl2F-CC1!?; 
CC13F, CC12F2, CBrF3, CF4, CHC12F, 
CC1F2-CC1F2, CF3-CF3, and C4F8. a: 
The e q u a t i o n s  and computer code are p resen ted  f o r  t h e  thermodynamic prop- 
ert ies o f  t h e  f luo roca rbons .  These p r o p e r t i e s  are t a b u l a t e d  for s i x  o f  t h e  
f luo roca rbons  (CC13F, CC12F2, CBrF3, CF4, CF -CF and C F8) f o r  c o n s t a n t  v a l u e s  
of  a d imens ion le s s  en t ropy  s / R  i n  incremenzs 03’0.5 an8 up t o  588 K .  P re s su re -  
en tha lpy  diagrams c o n t a i n i n g  l i n e s  o f  c o n s t a n t  e n t r o p y ,  t e m p e r a t u r e ,  volume, and 
I 
i 
c o m p r e s s i b i l i t y  f a c t o r  can be genera ted  by t h e  program. Because of  t h e  c u r r e n t  
p l o t s  f o r  CBrF3 are inc luded  t o  demonstrate  t h i s  c a p a b i l i t y .  
5 
i n t e r e s t  i n  u s i n g  CBrF3-argon mix tu res  i n  s i m u l a t i n g  scramjet exhaus t  f lows ,  i 
Appendix A p r e s e n t s  t h e  computer code f o r  c a l c u l a t i n g  thermodynamic proper- 
e r t i e s  of s e l e c t e d  f luo roca rbons .  The c o n s t a n t s  f o r  t h e  thermodynamic equa t ions  
a b l e  computer code ( r e f .  6 ) ,  t h e  thermodynamic p r o p e r t i e s  f o r  two e q u i l i b r i u m  
expansions of b ina ry  mixtures  f o r  CBrF3-argon and CC12F2-argon are g iven  i n  
appendix C. 1 
i 
f o r  t h e  10 f luo roca rbons  are g iven  i n  appendix B. Through t h e  use  o f  an a v a i l -  I 
SYMBOLS 
A,B,C,D,E,F,G,L c o n s t a n t s  i n  s a t u r a t i o n  p r e s s u r e  equa t ion  ( eq. ( 12 ) ) 
A ' , B ' , C ' , D ' ,  
E' ,F '  , G '  ,H', c o n s t a n t s  i n  en t ropy  equa t ion  ( eq .  ( 1 5 ) )  
I',J' . ? 
c o n s t a n t s  i n  s a t u r a t i o n  p r e s s u r e  equa t ion  ( eq .  ( 2 2 ) )  
\ 
c o n s t a n t s  i n  equa t ion  o f  s t a t e  ( e q .  ( I ) )  
c o n s t a n t s  i n  equa t ion  of  s t a t e  (eq .  ( 1 3 ) )  
A,',A3',A4 9 
A s  3, ,cs 7 Ds ,Es 
B2' , B 3 '  , B 4 '  t 
C2',C4',D4' 
c o n s t a n t s  i n  s a t u r a t i o n  p r e s s u r e  equa t ion  (eq. ( 1 7 ) )  
speed of  sound 
'I 
a 
a ' , b ' , c ' , d ' , e '  c o n s t a n t s  i n  equa t ion  f o r  s p e c i f i c  hea t  ( eq .  ( 1 4 ) )  
a1 , b l  ,c1 t d l  , f l  
a49 b4 9 c4 , d4 , f 4  
c o n s t a n t s  i n  equa t ion  f o r  s p e c i f i c  h e a t  ( e q .  ( 1 9 ) )  
c o n s t a n t s  i n  equa t ion  f o r  s p e c i f i c  h e a t  (eq. ( 2 ) )  
s p e c i f i c  h e a t  a t  c o n s t a n t  pressure 
s p e c i f i c  h e a t  a t  c o n s t a n t  volume 
P C 
cV 
f f u n c t i o n a l  no t a t  ion  
h en tha lpy  
J u n i t  convers ion  f a c t o r  
K '  ,L' , M '  ,N' , P '  c o n s t a n t s  i n  en tha lpy  equa t ion  (eq. 16) )  
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thermal  c o n d u c t i v i t y  
thermal  c o n d u c t i v i t y  a t  a tmospheric  p r e s s u r e  
molecular  weight 
exponents  i n  e q u a t i o n  (24)  
c o n s t a n t s  i n  v i s c o s i t y  e q u a t i o n  (eq .  ( 2 3 ) )  
P r a n d t l  number, l.Icp/k 
p r e s  s u r  e 
gas c o n s t a n t  
en t ropy  
t em p er  a t u r  e 
s p e c i f i c  volume 
c o n s t a n t  i n  e n t h a l p y  e q u a t i o n  ( e q .  (4)) 
c o n s t a n t  i n  e n t h a l p y  equa t ion  ( e q .  ( 2 1 ) )  
c o n s t a n t  i n  e n t r o p y  e q u a t i o n  (eq .  ( 3 ) )  
c o n s t a n t  i n  en t ropy  equa t ion  ( e q .  ( 2 0 ) )  
c o m p r e s s i b i l i t y  f a c t o r ,  pV/RT 
c o n s t a n t  i n  e q u a t i o n  o f  s t a t e  ( e q s .  ( 1 )  and ( 1 8 ) )  
p r o p o r t i o n a l i t y  c o n s t a n t  ( e q .  ( 2 4 ) )  
c o n s t a n t  i n  e q u a t i o n  o f  s t a t e  ( e q . ( 1 8 ) )  
cP/cv r a t i o  o f  s p e c i f i c  h e a t s ,  
i s e n t r o p i c  exponent ( e q .  ( 8 ) )  
v i s c o s i t y  
v i s c o s i t y  a t  a tmospheric  p r e s s u r e  
v i s c o s i t y  parameter ,  
d e n s i t y ,  1 / V  
T, 1/6 /M 1/2pc2/3 
reduced d e n s i t y ,  vc/v 
3 





c r i t i c a l  
r e f e r e n c e  
s a t u r a t i o n  
s t a g n a t i o n  
PHYSICAL CHARACTERISTICS 
Fluorocarbons are o rgan ic  compounds c o n t a i n i n g  one o r  more carbon atoms and 
f l o u r i n e .  Chlor ine ,  bromine, and hydrogen atoms a l s o  may be  p r e s e n t .  Their  
p r i n c i p a l  c h a r a c t e r i s t i c s  i n c l u d e  nonf lammabi l i ty ,  low t o x i c i t y ,  e x c e l l e n t  t h e r -  
mal and chemical s t a b i l i t y ,  h igh  d e n s i t y  coupled wi th  low b o i l i n g  p o i n t ,  low v i s -  
c o s i t y ,  and low s u r f a c e  t e n s i o n .  (See re f .  7 . )  P h y s i c a l  p r o p e r t i e s  o f  f luoro-  
carbon compounds of  i n t e r e s t  h e r e i n  are conta ined  i n  t h e  fo l lowing  table:  
' C h a r a c t e r i s t i c  
Molecular weight 
Bo i l ing  po in t  a t  1 atm, I 
Freez ing  p o i n t ,  K 
C r i t i c a l  temperature ,  K 
Critical p r e s s u r e ,  a t m  
C r i t i c a l  volume, cm3-m1- 
C r i t i c a l  d e n s i t y ,  Q - m - 3  
Densi ty ,  l i q u i d  a t  298 K, 
~ - m - 3  
Densi ty ,  s a t u r a t e d  vapor: 
at b o i l i n g  p o i n t ,  kg-m- 
S p e c i f i c  h e a t ,  l i q u i d  at 
298 K, J-u-I-K-~ 
Spec i f i c -hea t  r a t i o  at 
1 atm and 298 K 
H e a t  of vapor i za t ion  a t  
b o i l i n g  p o i n t ,  MJ-Q-l 
. .- 
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THERMODYNAMIC PROPERTIES OF GASEOUS FLUOROCARBONS 
The fol lowing equa t ions  were provided by E .  I .  du Pont de Nemours & Co. 
( r e f .  8)  and can be app l i ed  t o  a l l  t h e  f luo roca rbons  of  i n t e r e s t  h e r e i n  (see 
previous  s e c t i o n )  except  CBrF3 and CF CF which w i l l  be handled s e p a r a t e l y .  
All t h e  c o e f f i c i e n t s  can be found l i s & d  2, f luorocarbon i n  appendix B. (The 
c o e f f i c i e n t s  were supp l i ed  i n  U.S. Customary U n i t s  and have been converted t o  
SI  U n i t s . )  
4 
I 
The equa t ion  of s ta te  is 
RT A2 + B2T + C2e-KT A3 + B3T + C3e-KT A4 + B4T 
V - b  (V - bI2  (V - bI3  (V - b J 4  p = - +  4- + 
A5 + B5T + C5e' KT 
(V - b)5 + + (A6 + B6T)e aV 
where p is  given i n  P a ,  V i n  m3-kg-l, and T i n  K .  
The s p e c i f i c  h e a t  a t  c o n s t a n t  volume i s  given by 
+ cv = a4 + b4T + c4T 2 + d4T3 + - f 4 - TK 2 e- KT [- c2 + c3 
T2 2(V - b I 2 .  4(V - b) 
where cv is  i n  J-kg-l-K-l. 
The equa t ion  f o r  en t ropy  is 
B3 C4T2 d4T3 f 4  
3 2T2 [& + 2(V - bI2 s = a4 log, T + b4T + - + - - - + R log, ( V  - b )  - 2 
+ B4 + B 5  - - B6 e.] + Ke-KT [v+b C + c3 
3 ( V  - bI3 4 ( V  - bI4  a 2(V - bI2 
+ 
4 ( V  - b > 4  
where s i s  given i n  J-kg-l-K-l. 
The en tha lpy  i s  g iven  by a similar e x p r e s s i o n  
A4 + h = a4T + - b4T2 + - c4T3 + - -  d4T4 1.8 - f 4 + pV + [rb A 2  + *3 
T 2(V - b)2 3 ( V  - b)3 2 3 4 
( 3  
where h i s  g iven  i n  J-kg-1. 
A g e n e r a l  computer code was developed by u s i n g . a n  e x i s t i n g  code f o r  CF4 
and it w i l l  compute a l l  t h e  thermodynamic v a r i a b l e s ,  t h e  c o e f f i c i e n t s  for a 
5 
I 
s p e c i f i c  f luo roca rbon  being g i v e n .  
t h e  s p e c i f i c  h e a t  a t  c o n s t a n t  p r e s s u r e  c r a t i o  o f  s p e c i f i c  h e a t s  y ,  i s en -  
t r o p i c  exponent y e ,  speed o f  sound a ,  and c o m p r e s s i b i l i t y  f a c t o r  Z a t  t h e  
same thermodynamic p o i n t .  
I n  a d d i t i o n ,  t h e  program a l s o  c a l c u l a t e s  
P ’  
The e q u a t i o n s  f o r  t h e s e  a d d i t i o n a l  thermodynamic 
p r o p e r t i e s  are 
S p e c i f i c  h e a t  a t  c o n s t a n t  p r e s s u r e :  
S p e c i f i c  h e a t  r a t i o  : 
Speed o f  sound: 
I s e n t r o p i c  exponent : 
C o m p r e s s i b i l i t y  f a c t o r :  
PV z = -  
RT 
(5 I 
( 6  1 
where t h e  p a r t i a l  d e r i v a t i v e s  i n  cp ,  y ,  and a are 
B3 - KC3e-KT B4 B5 - KC5e‘KT - + B g e  CrV + 
B2 - KC2e‘ KT 




These expres s ions  are l i m i t e d  t o  tempera tures  above t h e  s a t u r a t e d  vapor 
l i n e .  The s a t u r a t i o n  p r e s s u r e  i n  P a  as  a f u n c t i o n  o f  s a t u r a t i o n  tempera ture  i n  
degrees k e l v i n  is  
B 
T 
loge  p = A + - + C log,  [ T ( 1 . 8 ) ]  + DT + E ( 7 )  loge  [F - T ( 1 . 8 ) ]  + GT2 + LT3 
Equat ions ( 1 )  t o  ( 1 2 )  are a l so  l i m i t e d  t o  tempera tures  below t h o s e  a t  which d i s -  
s o c i a t i o n  occur s .  
THERMODYNAMIC PROPERTIES OF CBrF3 AND CF3-CF3 
CBrF3 
3 
The fol lowing equa t ions  provide  the  thermodynamic p r o p e r t i e s  for  CBrF 
( r e f .  9 ) :  
Equat ion o f  s t a t e :  
A 2 '  + B 2 ' T  - C2'/T3 A 3 1  + B3'T A4' + B 4 ' T  - C4'/T3 D4'T 
p _- ~ ~ .. + + + -  (13 )  V 2  V 2  v 4  V 
where p is  given i n  P a ,  V i n  m3/kg, and T i n  K and where 
A 2 '  = -6.70681 x 10' 
B 2 '  = 1.06221 x IO-1 
C2 '  = 2.707789 x 10" 
A3' = 4.6056 x IOm2 
B3'  = -7.484318 x lom5 
A4' = -1.873886 x 
B4'  = 4.052713 x 
c4 '  = -3.891135 x l o 1  
D 4 '  = 5.581949 x 10' 
Spec i f ic  heat a t  c o n s t a n t  volume: 
d'  e '  




where cv is i n  J/kg-K and T i n  K and where 
1 a'  = 7.322 x 10 
b' = 1.461053 x lo2 
c '  = -1.1313381 x 
d '  = 2.209712 x lo9 
e '  = -8.358194 x 10 7 
Entropy : 
D' E' G' H' I' 
s = A '  loge T + B'T + C'T2 + - + - + F' loge  V + - + - + - + J' (15) 
VT4 V3T4 v2 v3 
where s is i n  J/kg-K and where 
A' = 7.32682 x 10' 
B' 1.462016 
C' = -5.663429 x 10' 
D' = -8.123486 x lo7 
G' = -1.062235 x 10-1 
H' = 3.7422337 x 
I' = -1.3540801 x 
J '  = -2.6025689 x lo2 
Entha lpy  : 
(M' + B2')T (N' - B3')T 
+ b' C'  K' L' h = a'T + - T2 + -T3 + - + - - 
2 3 VT3 V3T3 V V2 
(F'/3 + B4')T 
+ P '  - 
v3 
8 
where h i s  i n  J/kg and where 
8 K '  = -1.353914 x 10 
L' = 1.096500 x lo2 
M' = 1.341382 x lo2 
N' = 6.908596 x 
P '  = 4.9827721 
S a t u r a t i o n  p r e s s u r e  : 
As *s 
loge pS = - + + cs + D,T + E , T ~  T2 F (17)  
where p, is  i n  Pa and where 
4 
B, = -9.975989 x lo2 
A s  = -1.367130 X 10 
= 1.1161025 x 10 1 
CS 
D, = -7.89102 x 
= 1.012772 x low5 ES 
CF 3-CF 3 
The fol lowing e x p r e s s i o n s  g i v e  t h e  thermodynamic p r o p e r t i e s  o f  CF3-CF3 
( r e f .  IO): 
Equat ion of s ta te :  
where p i s  given i n  P a ,  V i n  m3/kg, and T i n  K ,  and where 
R = 60.24225 J/kg-K 
B t  0.0005133877 m3/kg 
a = 0.07657512 Jra3-K1/2/@2 
9 
Specific heat a t  cons t an t  volume: 
cv = a l  + blT + clT2 + dlT3 + - f l + 3aT-3l2 48 ' log, ( v q )  
T 2  
where cv is i n  J/kg-K 
a l  = 9.952795 x 10 
b l  = 2.608545 
c1 = -1.926454 x 
d l  = 1.857347 x 
5 f l  = -3.473992 x 10 
Entropy : 
clT2 9 ~ 3  f 1 
s = a l  loge  T + b lT  + - + - + - - + R log, (V - B ' )  
2 3 2T2 
where s i s  i n  J/kg-K and Y1 = 6.510304 kJ/kg-K 
Enthalpy: 
b 1T2 c l ~ 3  9 ~ 4  f l  
3aT-l/2 log, (7) + X '  h = alT + - + - + - - - + pV - 




where h is  i n  J /kg  and X '  = 0.3688302 kJ/kg 
S a t u r a t i o n  pressure  : 
El(F1 - T )  
T 
[ log,  (F1 - T I  + 0.255271 log, T + D I T  + B l  log, ps = A 1  + + C 1  
+ 0.52553 (22 1 
where 
A.1 = 0.3762282521 x lo2  
B1 = -1.031833 x lo3 
10 
. .... ..__ ~ ~ .._ , . .____-- .. - . . . .. 
C = -0.1297816132 x l o2  
1 
D1 = 0.01321347 
E 1  -0.537560386 
F1 = 0.297317 x lo3 
where P, i s  i n  P a .  
T ranspor t  P r o p e r t i e s  of t h e  Gaseous Fluorocarbons 
Experimental  data f o r  the  v i s c o s i t y  and thermal c o n d u c t i v i t y  o f  t h e  tabu- 
lated f luo roca rbons  a t  a p r e s s u r e  of 1 atmosphere were c u r v e  f i t t e d  and are con- 
t a i n e d  i n  r e f e r e n c e  1 1 .  (Ref. 11  i s  c u r r e n t l y  being r e v i s e d  t o  c o r r e c t  typo- 
g raph ica l  e r r o r s  i n  many o f  t h e  t r a n s p o r t  e q u a t i o n s . )  The t empera tu re  r ange  o f  
the  data v a r i e s  from f luo roca rbon  t o  f luo roca rbon  and cannot  be  g iven  i n  g e n e r a l .  
As mentioned p r e v i o u s l y ,  t h i s  r e p o r t  does  n o t  c o n t a i n  t r a n s p o r t  data f o r  a l l  t h e  
l i s t e d  f luo roca rbons  bu t  t h i s  i n f o r m a t i o n  i s  a v a i l a b l e  i n  r e f e r e n c e  11 if needed. 
V i s c o s i t v . -  The empirical  e q u a t i o n  i s  us 'ually o f  t h e  form 
where u* i s  i n  newton-second p e r  s q u a r e  meter and t h e  c o n s t a n t s  N ,  
Q must be determined f o r  each f luo roca rbon .  To o b t a i n  the  v i s c o s i t y  
s u r e s  o t h e r  t han  1 atmosphere,  t h e  r e s i d u a l  v i s c o s i t y  i s  expressed as  
t i o n  of t he  d e n s i t y ,  molecular  weight ,  and c r i t i c a l  c o n s t a n t s  o f  t h e  subs t ance  
( r e f .  12)  through a dimensional  a n a l y s i s  t r e a t m e n t ,  and t h e  c o r r e c t  dependencies  
are e s t a b l i s h e d  by t h e  use o f  expe r imen ta l  data .  The dimensional  a n a l y s i s  t r ea t -  
ment ( r e f .  1 1 )  r e s u l t e d  i n  t h e  fol lowing expres s ion :  
(23 
P ,  and 
a t  p re s -  
a func- 
Experimental  high-pressure v i s c o s i t i e s  f o r  t h e  gaseous and l i q u i d  phases  a v a i l -  
able i n  t he  l i t e r a t u r e  f o r  14 p o l a r  s u b s t a n c e s  i n c l u d i n g  5 f luo roca rbons  (CC13F, 
CC12F2, CHC12F, CHC1F2, and C2C13F3) were used ( re f .  13) i n  c o n j u n c t i o n  w i t h  
pressure-volume-temperature data t o  e s t a b l i s h  t h e  c o n s t a n t  B and the  exponents  
m and n of e q u a t i o n  ( 2 4 ) .  P l o t s  of (!J - u*)S a g a i n s t  pR ( r e f .  13) were 
found t o  be e s s e n t i a l l y  t h e  same f o r  a l l  14 subs t ances ;  t h e r e f o r e ,  i t  was con- 
cluded t h a t  t h e  exponent m of Zc i n  e q u a t i o n  (24)  was ze ro .  The a n a l y t i c a l  
r e p r e s e n t a t i o n s  o f  t h e  r e s i d u a l  v i s c o s i t y  c o r r e l a t i o n  f o r  the  14 p o l a r  s u b s t a n c e s  
( r e f .  13) which should a l s o  a p p l y  t o  t h e  f luo roca rbons  selected here are 
11 
where A = o f o r  0.9 < o R  < 2.2 and A = 4.75 x 10-4 ( P R 3  - 10.65) for 
Tl/6 
L 
2.2 < P R  < 2.6 and 5 = w i t h  P i n  newton-second pe r  squa re  meter. 
MI12 2 /3  
PC 
The v i s c o s i t y  equa t ions  f o r  t h e  f luo roca rbons  inc luded  h e r e i n  are 
CC12F2 : 
u* = x 10-6 
0.75309 + (188.969/T) - (803.786/T2) 
CBrF3 : 
CF4 : 
P* = x 10-6 
0.63388 + (144.691;T) - (1087.52/T2) 
0.64625 + (103.O/T) - (3.42714/TZ) 
CF 3-CF 3 : 
P* = ( 1 2 . 7 7 8 d T  - 78.8)  x 
(26 1 
(27 )  
(29 )  
Thermal conduc t iv i tv . -  The e m p i r i c a l  equa t ion  cannot  be  given i n  g e n e r a l  
f o r  t h e  f luorocarbons  a t  a p r e s s u r e  of 1 atmosphere.  
d u c t i v i t y  r e l a t i o n s h i p  can be extended t o  p r e s s u r e s  o t h e r  than 1 atmosphere i n  
t he  same manner as t h e  v i s c o s i t y  was. Res idua l  thermal c o n d u c t i v i t i e s  k - k* 
f o r  CF were obta ined  from exper imenta l  data and c o r r e l a t e d  w i t h  t h e  correspond- 
However, t h e  thermal con- 
ing  re  2 uced d e n s i t i e s  ( r e f .  1 4 )  t o  produce t h e  fo l lowing  express ion:  
k - k* = 7.19 x 1 0 - 3 [ e ~ p ( ~ R )  - 1 1  (30 1 
where k - k* is  i n  Wm’l-K’I. This equa t ion  r e p r e s e n t s  t h e  thermal c o n d u c t i v i t y  
Of CF4 i n  the  dense gas reg ion  and should a l s o  be f a i r l y  r e p r e s e n t a t i v e  of t h e  
thermal c o n d u c t i v i t y  of  t h e  o t h e r  f luo roca rbons  l i s t e d .  
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The thermal c o n d u c t i v i t y  e q u a t i o n s  f o r  t h e  f luorocarbons  inc luded  are 
CC 12F2 : 
(31 )  
- 2.3220 fi k* = 
727.58 + (6.891667 x l O 5 / T )  + (1.007883 x 106/T3) 
CBrF3 : 
( T  < 600 K) 
(T > 600 K) 1 
(32 1 
- .  \ci; - 
k* = 1.73073(0.0041 + (1 .6  x 10'5)[T(1.8) - 459.671) 
_ _ _ _  ~ k* = 
558.966 + (2.14363 x lo5)  + (1.65119 x l o 7 )  + (8.31701 x l o g )  
CF4: 
k* = 1.73073 [(7.291 x lom3)  + (2.377 x 10'5)(9/5T - 459.6711 (33 1 
CF3-CF3: 
k* = (9.591 x 10'5)T - 0.01163 (34 1 
CALCULATION PROCEDURE 
In  gene ra t ing  the  thermodynamic and t r a n s p o r t  p r o p e r t i e s  o f  t h e  f luo roca r -  
bons by us ing  the  computer code g iven  i n  appendix A ,  c e r t a i n  boundaries  were pu t  
on the  thermodynamic regime o f  i n t e r e s t  i n  terms o f  tempera ture  and volume. 
These boundaries  encompass t h e  range  o f  c u r r e n t  i n t e r e s t  f o r  these f luorocarbons  
but  t he  equa t ions  are a p p l i c a b l e  over  a much broader  base and t h e i r  l i m i t s  may 
be found i n  r e f e r e n c e  8 .  The boundar ies  used  are 
( a )  The s a t u r a t i o n  p r e s s u r e  l i n e  (eq. ( 1 2 ) )  pS = f ( T s ) .  The s a t u r a t i o n  
( b )  The c r i t i c a l  volume l i n e .  
volume was determined from t h e  equa t ion  o f  s t a t e  (eq. ( 1 ) )  ps = f ( T s , V s ) .  
( c )  The c o n s t a n t  tempera ture  l i n e ,  i n  t h i s  case 588 K .  T h i s  could be 
changed i f  so des i r ed  t o  g i v e  more informat ion  on a g iven  f luorocarbon.  
( d )  The cons t an t  volume l i n e  (procured  from t h e  s imultaneous s o l u t i o n  of  
t he  s a t u r a t i o n  p r e s s u r e  equa t ion  (eq. ( 1 2 ) )  and the  equa t ion  o f  s t a t e  (eq. ( 1 ) ) .  
The o t h e r  thermodynamic and t h e  t r a n s p o r t  p r o p e r t i e s  a long t h e  boundary are now 
e a s i l y  c a l c u l a t e d  s i n c e  they  are expressed as a f u n c t i o n  of  T and V .  
To p resen t  t h e  thermodynamic and t r a n s p o r t  p rope r ty  data i n  a convenient  
form, i t  is advantageous t o  c a l c u l a t e  t h e  p r o p e r t i e s  a t  s p e c i f i e d  va lues  o f  a 
g iven  v a r i a b l e .  A good example i s  t h e  en t ropy  which remains c o n s t a n t  du r ing  a 
f r e q u e n t l y  occur r ing  class o f  expans ions  i n  gas dynamic a n a l y s i s .  F i r s t ,  s 
13 
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namic regime. The upper l i m i t  on s is determined by i n s e r t i n g  the  h i g h e s t  3 
t empera ture  and volume occur r ing  on the  boundar ies  of  the  s p e c i f i e d  regime i n t o  z 
is determined at the  c r i t i c a l  p o i n t  which g i v e s  a lower l i m i t  f o r  the  thermody- 
equa t ion  ( 3 ) .  The en t ropy  is then  d iv ided  i n t o  e q u a l  i n t e r v a l s  between the  
upper and lower l i m i t s  and set a t  the p a r t i t i o n  n e a r e s t  the  lower l i m i t .  The 
volume is set  s l i g h t l y  above t h e  c r i t i c a l  va lue  i n  o r d e r  t o  avoid  the  large 
g r a d i e n t s  and consequent convergence d i f f i c u l t i e s  t h a t  occur  a long  t h e  c r i t i c a l  
volume l i n e  and the  cor responding  tempera ture  c a l c u l a t e d .  T h i s  procedure g i v e s  
an upper l i m i t  on the tempera ture  f o r  the  s p e c i f i e d  v a l u e  of  t h e  en t ropy .  With 
t h e  en t ropy  he ld  c o n s t a n t ,  t h e  tempera ture  is reduced a t  even i n t e r v a l s  and the 
volume c a l c u l a t e d  a t  each tempera ture  p o i n t  u n t i l  the  s a t u r a t e d  volume on the  
upper l i m i t  is exceeded. 
v a r i a b l e s  which are f u n c t i o n s  of  T and V are then  c a l c u l a t e d  for t h e  spec i -  
f i e d  va lue  of  t h e  en t ropy .  This  procedure is  repeated a t  each ent ropy  i n t e r v a l  
u n t i l  the  l i m i t s  have been spanned. 
1 
The t r a n s p o r t  p r o p e r t i e s  and remaining thermodynamic 
RESULTS AND DISCUSSION 
E q u i l i b r i u m  thermodynamic data and t r a n s p o r t  p rope r ty  data (when inc luded)  
are presented  i n  tables I t o  V I  i n  d imens ionless  en t ropy  s / R  increments  of 0 .5  
f o r  CC13F, C C l i F  The en t ropy  range v a r i e s  from 
f luorocarbon t o  $;uorocarbon. 
CBrF3, CF4, CF3-CF3, and C4F8. 
CF4 ( t e t r a f l u o r o m e t h a n e )  has  been inc luded  i n  the  tab les  because an e r r o r  
was d iscovered  i n  t he  r e f e r e n c e  c o n d i t i o n s  (SR 
which conta ined  t a b u l a t e d  p r o p e r t i e s  f o r  CF4. The c o r r e c t  r e f e r e n c e  c o n d i t i o n s  
should have been SR = 3.542 J-kg'l-K'I and HR = 465710 J-kg-l. I n  a d d i t i o n ,  
t h e  en tha lpy  e q u a t i o n ,  equat ion  (81, i n  r e f e r e n c e  5 c o n t a i n s  s e v e r a l  e r roneous  
terms and adds t o  t he  e r r o r s .  A comparison w a s  made between t h e  two tables  and 
an estimate of the  e r r o r s  i n  r e f e r e n c e  5 was made. For v a l u e s  of s p e c i f i c  vol-  
ume V above 0.030 m3-kg-1, i t  appea r s  t h a t  t h e  e r r o r  is n e g l i g i b l e .  For v a l u e s  
between 0.030 and 0.0055 m3-kg-I, t h e  e r r o r s  i n  h and s are on the  o r d e r  of 
0 .5  p e r c e n t .  I n  the  range between 0.0055 and 0.0026, t he  e r r o r  i n c r e a s e s  up t o  
a maximum of 4.5 pe rcen t  which occurs  a t  
p o s i t i v e  ( t ha t  is, va lues  i n  ref. 5 are t o o  large) .  
and HR) used i n  r e f e r e n c e  5 
V = 0.0026 m3-kg-l . A l l  errors are 
Pressure-en tha lpy  diagrams are p resen ted  i n  f i g u r e s  1 and 2 f o r  CBrF3 t o  
Each of t he  f i g u r e s  c o n t a i n  l i n e s  of  c o n s t a n t  show t h i s  f e a t u r e  of  t h e  code. 
en t ropy  and volume. I n  a d d i t i o n  t o  having these l i n e s  i n  common, f i g u r e  1 con- 
t a i n s  c o n s t a n t  tempera ture  l i n e s ,  and f i g u r e  2 c o n t a i n s  l i n e s  of c o n s t a n t  com- 
p r e s s i b i l i t y  f a c t o r .  
Binary mix tu res  of  f luo roca rbons  and argon are be ing  used as s u b s t i t u t e  
gases t o  s imula t e  high-temperature  a i r  f lows  i n  the  f l i g h t  Mach number range 
between 4 and IO.  The p r o p e r t i e s  of  these mix tu res  can be e a s i l y  computed, if 
it can be shown t h a t  they  are thermal ly  p e r f e c t  ( c o m p r e s s i b i l i t y  effects  are 
n e g l i g i b l e )  i n  the  range of  i n t e r e s t .  The t a b u l a t e d  thermodynamic p r o p e r t i e s  
o f  both CBrF3 and CC12F2 show t h a t  over  t h e  range  o f  t he  exper imenta l  t es t s ,  
T < 600 K "and p < 0.5 atm, the c o m p r e s s i b i l i t y  f a c t o r  Z remains very  c l o s e  
t o  1.00 and t h e r e f o r e  p r e s s u r e  effects are small and can be neg lec t ed .  
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Thermally p e r f e c t  s p e c i e s  can have t h e i r  thermodynamic p r o p e r t i e s ,  namely, 
s ,  h ,  and c cons ide red  as f u n c t i o n s  o f  t empera tu re  only.  By u s i n g  t h e  com- 
p u t e r  code o f  r e f e r e n c e  6 ,  t h e  thermodynamic p r o p e r t i e s ,  for e q u i l i b r i u m  expan- 
s i o n s  of CBrF3-argon and CC12F2-argon mix tu res  (recommended f o r  scramjet nozz le  
plume s i m u l a t i o n  ( re f .  3 ) )  were t a b u l a t e d  and are inc luded  i n  appendix C. 
P’ 
CONCLUDING REMARKS 
Equat ions f o r  t h e  thermodynamic p r o p e r t i e s  o f  gaseous f luo roca rbons  i n  
chemical e q u i l i b r i u m  have been gene ra t ed  by us ing  as a c c u r a t e  a n  e q u a t i o n  o f  
s ta te  and cu rve  fits o f  s p e c i f i c  h e a t  as  are a v a i l a b l e .  The e q u a t i o n s  a long  
w i t h  a v a i l a b l e  e q u a t i o n s  f o r  t h e  t r a n s p o r t  p r o p e r t i e s  o f  t h e  f luo roca rbons  have 
been b u i l t  i n t o  a computer code. Thermodynamic and t r a n s p o r t  p r o p e r t y  data gen- 
erated by t h i s  code are t a b u l a t e d  f o r  C C 1  F,  CC12F2, CBrF3, CF4, CF3-CF3, and 
C4F and p resen ted  i n  a form which l e n d s  i t s e l f  t o  a convenient  gas dynamic 
3 
ana  B y s i s  over  thermodynamic regimes n o t  p r e v i o u s l y  examined. 
I n  a d d i t i o n ,  i t  i s  shown t h a t  b i n a r y  m i x t u r e s  of fluorocarbon-argon can be 
considered t h e r m a l l y  p e r f e c t  over  t h e i r  c u r r e n t  range o f  a p p l i c a t i o n  f o r  scram- 
je t  nozz le  exhaust  plume s i m u l a t i o n .  T h i s  c o n d i t i o n  leads  t o  a ve ry  qu ick  
method f o r  c a l c u l a t i n g  t h e  thermodynamic p r o p e r t i e s  o f  e q u i l i b r i u m  expansions 
of these mix tu res  which, i n  t u r n ,  p rov ide  t h e  chemical data f o r  e x i s t i n g  two- 
and three-dimensional  f l ow- f i e ld  computer codes.  . 
Langley Research Center  
N a t i o n a l  Aeronau t i c s  and Space Admin i s t r a t ion  
Hampton, V A  23665 
Janua ry  27, 1977 
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APPENDIX A 
COMPUTER CODE FOR CALCULATING THERMODYNAMIC PROPERTIES 
OF SELECTED FLUOROCARBONS 
A F o r t r a n  I V  Con t ro l  Data S e r i e s  6000 computer code was developed f o r  eval-  
u a t i n g  t h e  thermodynamic p r o p e r t i e s  o f  gaseous f luo roca rbons  i n  chemical e q u i l i b -  
rium. The computer code c a l c u l a t e s  t h e  fo l lowing  thermodynamic v a r i a b l e s :  
en t ropy ,  tempera ture ,  volume, p r e s s u r e ,  en tha lpy ,  spec i f ic  heat *at c o n s t a n t  pres -  
s u r e ,  specific-heat r a t i o ,  speed of sound, i s e n t r o p i c  expansion exponent ,  com- 
p r e s s i b i l i t y  f a c t o r ,  v i s c o s i t y ,  and thermal c o n d u c t i v i t y .  
The computer code i t s e l f  i s  w e l l  documented, s t r a i g h t f o r w a r d ,  and t h e  u s e r  
i n p u t s  are minimal. P rov i s ion  has been inc luded  t o  a l low t h e  a d d i t i o n  of  o t h e r  
f luo roca rbons  governed by t h e  same set  o f  g e n e r a l  e q u a t i o n s  provided  t h e  u s e r  
s u p p l i e s  t h e  necessary  c o e f f i c i e n t s  f o r  t h e  equa t ions .  An ou tpu t  o p t i o n  e x i s t s  
t h a t  a l lows  f o r  ou tpu t  of t h e  thermodynamic p r o p e r t i e s  i n  e i ther  S I  o r  U.S. 
Customary Uni t s .  A l i s t i n g  of t h e  program fo l lows .  
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2 @  
2 7  
36 
3 9  
40 
45  
5 0  
5 5  
6 0  
6 5  
70 




























































c .  
P i O G r l A M  F L c O N S ( I Y P J T , O ~ T P ~ T , T A P E 5 = I F ; ? U T , T 4 ? E b - ~ ~ T P U T J  
c r****r************.*********t*******++***+****+********++************* 
PcCiGRAM F R E O N S  C O N T P 3 L S  C C I P I P U T A T I J N  OF G A S  P S O P t R T I E S  F O R  T r l E  
F U L L C W I N G  F Y t U N  CO!'lPLILIEIDS d r l I C H  C A N  B E  S t L E C T E D  BY I N P U T I N G  T H E  
A P P P O P K I A T E  N J M d t R  CODE.  4 P I I N U S  PRECEDING T H E  C J D E  W I L L  G I V i  THE 
G b T P U T  I k  US U N I T S ,  O T H E R U I 5 E  SI U N I T S  ARE O U T P U T .  
* * * * e *  N O T E :  A T  T H I S  T I M E  THE O P T I J N S  FOR F R E O N  1 3  AI'ID + * * * * *  ******  F Y t O N  2 2  AI(k NOT J ' I R K I N G  P R O P E R L Y  DUE TO FRRORS * *+***  
* * * * * *  I N  T r l E  T k l t k M U D Y N A M I C  C O N S T A N T S .  ONCE C O R K E C T E D  * * * * * *  
****I* T H k S E  O P T I O N S  b I L L  B E  A V A I L A B L E .  *I**+* 
F C i J F i  CO?lPLlu.qD YUMBEK C J U E  ( N A M E )  
F F t D N  11 ( C C L ~ F )  
F k E C h  1 2  ( C C L Z F Z )  
F P E O N  13 I C C L F 3 )  
F 6 E S N  1 3 8 1  ( C B I ( F 3 )  
F R E O N  14 ( C F 4 )  
F R E O N  2 1  ( C H C L Z F )  
F R t 3 E r  22 1 ;HCLFL)  
FREOhl  23 ( C H F 3 )  
CREGN 113 I Z Z L L F C Z L F Z )  
F C E O N  114 ( C Z L F 2 C C L F Z )  
F P E O N  116 ( C F 3 C F 3 )  














1 3  
A P h u v I S I O : <  H A S  3 k E N  4 0 D E I )  T 7  ALLOW A D D I T I O N A L  C O N P O U h D S  P R O V I D E D  
T H t  U S E R  S U P P L I t S  THE T P E R M O O Y N A M I C  C O N S T A N T S  F O R  T H E  E P U A T I U N S .  
C r l E C K  THE 2EPUQT Id SEE I F  TdE C O q P O U N D  IS C O Y P A T I B L E  YITH T H E S E  
F i U A T I ' 3 N S .  T H I S  3 P T I O N  I S  S E L E C T E D  BY I N P U T I N G  NUMEEK CODE 13. 
P L O T  O U T P U T  I S  P L S O  A V A I L I B L E  T O . T H E  U S t R  A N 9  I S  C O N T R O L L E D  
H Y  THE I N P U T  P A 1 7 A M E T t R  C A L L E D  N I I P L O T .  N O P L O T  I S  I N P U T  O N  T H E  
C A P O  C O N T A I N I N G  T H E  NUMEEK CJOE.  FOUX O P T I O N S  4 R E  A L ' A I L A B L E  
TO T H E  USER.  
P L O T  O P T I O N  N O P L O T  J A L k J t  
NO ? L O T  0 
L I N E S  OF S I Y  J N L Y  11 
S I R  L I N E i  + , O T d t d S  -1 1 
L I N E S  OTHES T H A N  S I R  1 
TO O R T A I N  P L J T S  OTHE17 T H A N  L I N E S  OF C O N S T A N T  S I R  T H E  USE17 
MUST I N P U T  T d E  A P P R O P R I A T E  T A B U L A R  D A T A  F O 2 , E A C H  S E T  OF 
L I N t S .  T H I S  I j  D J k E  V I A  . N A M E L I S T  N Z  A N D  MUST B E  I N P U T  FOR 
C A C H  S E T  OF L I N E S  D E S I R E D .  T H E  F O L L O U I N G  T A B U L A R  D A T A  
C O M P R I S E S  T H i  V A R I O U S  I N P U T S :  V T A B L E  ( V T A B  IN 
M 3 I K G V ) r  T T A B L E  ( T T A B  I N  DEGK) ,  Z T A B L E  ( Z T A B  N O N D I M E N S I O N A L )  
A T A B L E  I A T A B  I N  M I S E C ) ,  AND G T A B L E  I G l A B  N O N D I N E N S I O N A L ) .  I F  
U N I N  E O U A L S  T U 0  I N  N A M E L I S T  '42 T H E N  JS U N I T S  MAY BE I N P U T  j 
V - F T ~ I L B P  T-DEGd, A - F T I S E C .  
I N D I C A T E  Y H I C H  L I N E S  OF; T H E  P L O T  A R E  D E S I R E D  B Y  S E T T I N G  T H E  
P L O T  F L A G S  T J  ONE. N A M E L I S T  P L O T I N  I S  U S E 0  T O  I N P U T  T H E  F L A G  
C O N D I T I O N S  AND M U S T  B E  R E A D  B E F O R E  N A H E L I S T  N2.  ( C O N S T A N T  
V O L U M €  L I N E S , P L O T V ,  C G N S T A N T  T E M P E R A T U R E  L I N E S p P L O T T ,  C O N S T A N T  
C O M P R E S S I B I L T Y  L I N E S s P L O T Z ,  L I N E S  OF C O N S T A N T  A l S P E E D  O F  SOUND),  
PLOTA, AND C O N S T A h T  GAMMA L I N E S , P L O T G  1 .  A L I S T I N G  OF T H E  P L D T  
C O M P U T A T I O N S  I6 A V A I L A B L E  I F  P L J T O U T  I S  S E T  E P U A L  T O  ONE. 
c +***+****+*+*++++*++++++**+++~+++********++***++++**+*++++*+*+*+++++++ 
D I M E N S I O N  V D L T h J ( Z B ) , O E L T A B ( Z B )  
D I M E N S I O N  T T A B ( 9 9 ) , V T A B ( 9 9 l , S T A B ( 9 9 ) 1 Z T A 8 ( 9 Y ) , A T I B ( 9 9 )  
D I E E N S I O N  F R E N A M E ( 2 6 1  
CDHMON 
CUHRON S U ~ 1 6 1 , S U H 1 5 2 , S U M l 6 3 ~ S U M l 6 4 , 5 U n 1 6 5 ~ S U H l 6 6 ~ C A P Y ~ C A P X ~ T C  
C O M M O N  C V , P P T , P P V , N A M E , N A H E l ~ N A H E Z  
COHHON 
CONHON 
C O H H i l N  P S p h N ,  X P L O T ( 9 9 ) i Y P L O T ( 9 9 )  , G I I G T A B ( ~ ~ ) , N O G , G  
COMMON C A P A , C A P B , C A P C , C A P O , C A P E # C A P F ~ C A P G # C A P H , C A P L # E R R  
COHMON A E I , A L P W A ~ A V I I  A 2 1  A 3 1  A ~ ~ A S ~ A ~ , B ~ ~ B ~ T I B ~ ~ B ~ T ~ B ~ ~ B ~ T J  
J 4 6 O A 9  S U M 1 6 0 ,  PC, VC, Eflr U t i I O ,  FTICT, PSTOP, P L O T O U T  
NOT, TTAB, NOV, V T A B s N O S ,  S T A B ,  NOZI ZTAB,  NOA, A T A B p  V I G  
VG I2 ), A G (  2 )  p S G ( 2  1 rZG(2 ), P G (  2 1, VGN, I, N, J J, G G ( 2  ),ASP, A I  P SI, 2 1  
1 B 4 T 4 , B 5 , B 5 T , E 6 , 8 6 T , C Z , C Z E , C 3 ~ C 3 E ~ C 5 , C 5 E ~ E A V I ~ E M K T 1 ~  
ZH,J, JB6OA,JK,JR, J V I s J Z ,  J ~ , K , K T I ~ O V I B I O V I B ~ ~ J V I B ~ , O V I B ~ ~ O V I B ~ ~ P ~  . 
3 P , R T I ~ S ~ S A A ~ ~ S ~ S 8 9 , S C , S D , S F , S U M l O , S U ~ l l ~ S U M 2 ~ S U M 3 ~ ~ U M 3 3 ~ S U M 3 4 ~  
4 5 UM 3 5 t 5 U i l 4  P S U Y 5 s 5 U , lo  s 5 U q4, T I 8 T I 2 9 T I 3 t T I4 9 V I B V I  PI9 9 V I il M 2,  J I M B Z 2 
CGMMJIV V I M E b r J V I 3 6 , S J M 3 6 , S U Y 3 7 r S U Y 3 8 1 S U n 3 Y , 3 U n 4 C , S U M 4 l , S U ~ 4 Z ,  
18 
APPENDIX A 
1 S U M 4 3 ,  V I 2 1  J V I Z .  A, ZI  V I M 6 3 9  V I M 6 3 3 ,  V I M B 4 ,  V I M 6 4 4 r  V I M 6 5 9  V I M 6 5 5  
R E A L  K , K T I . J , J V I , J B ~ O A , J Z ~ J ~ , J ~ , J K , ~ R  
R E A L  J V I 2  
R E A L  J A 6 O A  
COMMON P L  (991 rHL  (99 P U  (991, H U ( 9 9 )  
COMMON T T (  9 9 ) r V T l 9 9 l , S T ( 9 9  1, Z T ( 9 9 l r A T ( 9 9 1 ~ 6 T ( 9 9 ) r  P T ( 9 9 l , H T ( 9 9 )  
COMMON T A  1 9 9 ) s  V A 1 9 9 1 ~  S A  (99 1s  Z A l 9 9 l ~ A A  (991 B G A ( 9 9 ) r  P A  (99 ) B  HA ( 9 9 )  
COMMON T L ( ~ ~ ) , V L ( ~ ~ ) , S L ( ~ ~ ) B Z L ( ~ ~ ~ , A L ( ~ ~ ~ , G L ( ~ ~ ~ , N O L B T L I M  
COMMON T U ( ~ ~ ) ~ V U ~ ~ ~ ) ~ S U ~ ~ ~ I B Z U ~ ~ ~ ~ ~ A U ~ ~ ~ I ~ G U ~ ~ ~ I , N O U , T U I M  
COMMON L N C T  
C O M M O N / B O U N O l F L A G O U T I N O E ”  
C O M M O N I F N A M E I F N A M ( 2 6 )  
D A T A  F R E N A M E 1 6 H F R E O N  , Z H l l , b H F R E G N  ~ Z H ~ Z P ~ H F R E O N  , 2 H 1 3 , 6 H F R E O N  t 
1 4 H 1 3 B l r 6 H F R E O N  , Z H 1 4 r 6 H F R E O N  I Z H Z ~ ~ ~ H F R E O N  ,ZH22,6HFREON ~ 2 H 2 3 ,  
P 6 H F K E O N  . 3 H 1 1 3 , 6 H F R t O N  9 3 H 1 1 4 , 6 H F R E O N  9 3 H 1 1 6 , 6 H F R E O N  ,4HC318,  
3 6 H O T H E R  , 3 H G A S /  
D A T A  V O L T A B I O . ,  . 12* .12001~  .15,.15001~.3r.30001, .5~.5000111.9 
1 1 ~ 0 0 0 0 1 ~ 2 ~ ~ 2 ~ 0 0 0 0 1 ~ 4 ~ ~ 4 . 0 0 0 0 1 1 b . 1 6 ~ 0 0 0 0 1 ~ 9 ~ ~ 9 ~ 0 0 0 0 1 ~ 1 5 ~ ~ 1 5 ~ 0 0 0 0 1 ~  
225.r 2 5 ~ 0 0 0 0 1 ~ 5 0 ~ ~ ~ 0 ~ 0 0 0 0 1 9  loo., 100.00001~ 3000. /  
D A T A  0 E L T A B 1 ~ 0 2 ~ ~ 0 2 ~ ~ 0 3 r ~ 0 3 ~ ~ 0 5 , ~ 0 5 ~ ~ 1 ~ ~ 1 ~ ~ 2 5 ~ ~ 2 5 ~ ~ 5 ~ ~ 5 ~ 1 ~ ~ 1 ~ ~ 2 ~ ~  
12.~3.*3.#6.r6. ,  1 0 . ~ 1 0 . , 2 5 . , 2 5 . , 5 0 . ~  50.,100.,100./ 
h A M E L I S T I N 1 I N O S ~  STAB, V O L T A B , O E L T I B r E R R ,  V I G ,  
lCAPA,CAPB,  C A P C , C A P O I C A P E I C A P F , C A P G , C A P H # C A P L , C * P X , C A P Y ,  
2 J t  Rs A 2 r  0 2 9  C Z t  A 3 , a 3 * C 3 *  A 4 9 6 4 . 1 5 ~  B 5 r C 5 r A 6 r  B~BSBIU,ALPHAI SAA, S B B ,  SC, 
~SO,SF,TC,PC>WCI EM, F T P  CT, P S T O P t  P L O T O U T  
N A t l E L I S T / N Z / N O V 1  VTAB,NOT, T T A B , N O Z j  ZTAB,  NOA. ATABINOGIGTAB,UNIN 
N A M E L I S T l P L O T I N / P L O T V I P L O T T , P L O T T ~ P L O T I , P L O T G ~ P L O T O U T  
1000 F O R M A T ( Z I 5 1  
1050  F O R M A T ( F 3 . 0 1  
1100 F O R M A T  ~ l H l ~ l O X ~ + U N I O ~ + ~ F 3 ~ 0 1  
1150 F O R M A T ( l H l r 4 3 X , * U U T P U T  U N I T S + ~ I I ~ Z O X ~ + V A R I A B L E * ~ 2 l X ~ + S I + r l B X ,  
l + U S * r / / l B X , + T E M P E R A T U R E I T * r l 4 X , * O E G R E E  K E L V I N + , 6 X ,  
l + D E G R E E  R A N K I N E * ,  f / r  1 8 x 3  
Z + V O L U H E s  V*,ZOXI +M*,ZH+* , *3 /KGf l+~ ~ ~ X I + F T + ~  2 H + * 1 * 3 / L B + 9  111  1 8 x 1  
Z + P R E S S U R E > P * ,  ZOX, 
3 * A T M * r l 5 X , + L B F / I N + r Z H + + , + 2 + ~ / / , l B X ~ + ~ N T H A L P Y , H + ~ l 5 X ,  
3 + N O N O l M E N S I O N A L + r  
4 1 0 X ~ + B T U I L 8 + r / / , l B X I + S P E E D  O F  S O U N D I A + , ~ ~ X , + M / S E C * ~ ~ ~ X , ~ F T I S E C + ,  
5 / / > 1 8 X , + S P E C I F I C  H ~ A T ~ C P + r 9 X ~ + N O N O I M E N S I O N A L + ~ 5 X ~ + B T U / ~ L 8 - D € G R E E  R 
~ ~ + D / / ~ ~ ~ X , + G A M M A + ~ ~ O X I * ” D I ~ E N S I O N A L + ~ ~ X ~ + N ~ N O ~ M E N S I ~ ~ N A L + ~ / / ~ ~ E X ~  
7 + I S E N T R O P I C  E X P O N E N T ~ G + ~ ~ X ~ + N O N O ~ M E N S ~ O N A L ~ B ~ X ~ + N O N O I M E N S I O N A L + ~  
8 / 1 9  1 8 X t + C O H P R E S S I B I L I T Y t  Z+r8X,+NONOIMENSIONAL+,6X, 
9 + N O N D I M E N S I O N A L + ~ / / r l B X , * V I S C O S I T r , M U t ,  1 7 X ~ + N / M + ~ 2 H + + ~ + 2 + ~ 1 2 X ~  
A+ L B /  ( F T - S E  C I > I / P  I d  X- +COND UC T I  V I  T Y  r K*, 11 X, * W /  ( M -0E GREE K 1 + P  3X, 
3 + B T U / ( S E C - F T - O E G R E E  R ) + r l l r l B X , + P R A N D T L  NUMEER,PR+,BX, 
C * N O N O I M E N S I O N A L + ~ 6 X , + H O ” S I O N A L + ~ / / ~ l 6 X r * ~ N T R O P Y * r l E X t  
O * N O N O I M E N S I O N A L * r  5 X r + B T U / l L B - D E G R E E  R ) *  I 
1160 F O R M A T I 1 H 1 , I I / / / , Z O X ~ * O E L ~ T  TOO S M A L L - A R R A Y  O V E R F L O Y * l  
1170 F O R M A T (  l H l r  / / / I / ~ Z O X , + A R R A Y  O V E R F L O Y  CHECK D E L T V * I  
1200 F O R M A T ( l H l r 4 3 X ~ + O U T P U T  I N  SI U N I T S  FOR * t A b r A 4 , / ~ 5 3 X , * S I R - + r  
lF7.4,/1,5X,+T+, l O X , + V + , 9 X , + P * , l O X , + H + , 9 X , * A * ,  
~ ~ X B + C P / R + ,  5x9 + G A M M A + , ~ X B * G + P  7 X B  *Z*, 1lX,+MU*,9X,+K*,8X,*NPR+r / I  
1F7.4 ,  I / ,  5 X 1 + T * ,  IOX,+V+, 9X.+P+,lOX,*H+,9X,+A+9 
l B X , + C P / R + ,  5X, + G A M M A + t b X , t G * ,  7 X , + Z + r l l X ,  + M U + r 9 X ,  + K + r  8 X , + N P R + r /  I 
1 3 0 0  F O R M A T 1  l H l t  5ZX,  4 H S I R * ,  F7.4, //,5X,+T*, l O X , + V * , 9 X , * P + , l O X , + H + , 9 X , + A + ,  
1 B X s + C P I R + , 5 X s  +GAMMA+,6X,+G+r 7X.+Z+r  l I X ~ + f l U * t 9 X ,  *K*, 8x9 *NPR+, / )  
1 3 5 0  F O R M A T (  1 1 ~ 5 3 X r 4 H S / R ~ ~ F 7 . 4 , / / ~ 5 X , + T + ~ l O X , + V + , 9 X , * P * , l D X , + H + , 9 X , + A * ~  
l B X , + C P / R + r 5 X , + G A M M A + >  6 X , + G + i  7x1  *Z+, 1 1 x 9  +MU+,9X1 + K * r  B X , * N P R + r / l  
1400 F O R M A T ( 1 H l r l l )  
1600 F O R M A T ( l H 1 ~ 1 O X , + E R R O R  I N  G A S  S E L E C T I O N ,  TRY A G A I N + )  
3000 F O R M A T l l Y 1 ~ / I I / ~ 1 O X , + I N T E R P O L A T I O N  H A S  F A I L E D  C H E C K  M O N O T O N I C I T Y + ,  
1250 F O P M A T ( ~ H ~ P ~ ~ X ~ + O U T P U T  I N  U S  U N I T S  FOR + 9 A 6 r A 4 ,  /,53X,+S/R=+, 
I +  OF T H E  S A T U R A T I O N  P R E S S U R E  L I N E + )  
DO 5 0  N ‘ 1 ~ 2 6  
F N A M l N l = F R E N A M E ( N I  
50  C O N T I N U E  
R E A D  (5, 10001 N A M E ~ r i O P L O T  
I F ( E O F (  5 1 )  9101 75 
I F ~ N A M E . E O . 3 ~ 0 R . N A M E . E P . - 3 . 0 a . N A n E . E O ~ 7 . O R ~ N A M t ~ E O ~ ~ 7 ~  GO T O  905 
75 C O N T I N U E  
c +++**++++*++++++++++++++*++++++++++++++++++++*++++++**++++++*+++++++**  
C N A M E L I S T  O U T P U T  O P T I O N  - S E T  I N O U T  E Q U A L  ONE. T H I S  I S  A N  I N T E K N A L  
C S E T T I N G  A N 0  U S U A L L Y  S E T  T O  ONE. 
c ++*+*++*+++*++++++++++*+++++++++*+++++++**+++*++++++++++*+++++***+++**  
N O E A T - 0  






1 6 0  
1 6 5  
170 
1 7 5  
l 8 L l  
1 8 5  
P L O T O b T - 1  
I F  ( N O P L J T I  1 0 0 ~ 1 1 0 ~ 1 2 0  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C k 0  P L O T  D E S I 9 E O  
c * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
110 S F L A G - 0 . 0  
6 b  T O  1 4 0  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C P L O T  CIF S I R  4 OTHER L I N E S  D E S I R E D  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 C O  S F L A G - 1 . 0  
h G P L O T = l  
GO T U  1 4 0  
1 2 9  I F ( N O P L O T . G T . 1 5 )  G d  T U  130 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c **************+*****************************************4************* 
C P L O T  GF LIN~S O r r l E i t  T H A Y  SIR DESIQED 
S F L  AG=O. 0 
N u P L O l = l  
GO T O  1 4 C  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C P L L T  O F  S I R  L I N E S  O k L Y  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 3 5  SFLAG.1.0 
N O P L O T = O  
1 4 7  C P N T I N U t  
U N I O - 1 .  
I F ( N A M E . G T . 0 1  GO TJ  1 5 0  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C C U T P U T  I N  US U Y I T S  D E S l R E O  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NAME'.-NA?lE 
U N  I 0 8  2. 
1 5 . 1  l F ( N A r ' E . G T . 1 3 )  GU T U  9 C O  
I F I k A f i E . t O . 1 3 1  G D  TO I t 0  
h A M E 2 - 2 t N A ~ E  
hAME l a N A M E 2 - 1  
GO TO 1 7 0  
190 C A L L  C N S T S  
160 R E A D  ( 5 , 1 0 5 0 1  U N I O  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C C O D t  1 3  H A S  B E E N  S E L t C T E D  AYD T H E  USER W I L L  S U P P L Y  THE T H E R I I O O Y N A M I C  
1 9 5  C C O N S T A N T S  A N 0  O U T P U T  O P T I O N .  THE C O N S T A N T S  ARE I N P U T  THROUGH A 
C N A M E L I S T  F O R q A T  A N 0  ARE L I S T E D  I N  THE N A M E L I S T  N 1  A N 0  T H t  REPORT.  
200 
2 0 5  
210 
2 1 5  
2 2 0  
225 
C 
C U k I O  C O N T R O L S  T d E  l l N I T S  A S S O C I A T E D  d I T H  T 4 E  T A B U L A R  OUTPUT 
C 
C I F  UNIO.1  THE O U T P U T  I S  I N  S I  U N I T S  
C I F  U N I O - 2  THE OUTP'JT I S  I N  U S  U N I T S  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I F ( I N O U T . E O . 1 )  W R I T E  ( 6 9 1 1 0 0 )  U N I O  
1 7 0  
1 7 5  
R E A 0 0 , N l )  
I F ( I N O U T . E O . 1 )  # R I T E ( o , N l I  
W R I T E  ( 6 9 1 1  5 0 )  
I A = - 1  
I B = - 1  
1 c = - 1  
I D - - 1  
I E = - 1  
I F ( S F L A G . E P . O . 0 . A N S . N O P L O T . E P . O )  GO TO 175 
C A L L  P S E U D O  
C A L L  L E R O Y  
C O N T I N U E  
JB6OA.O 
I F I A L P H A . N t . D ) J B 6 O A = J * B 6 / A L P H A  
JA601.0 
I F ( A L P r l A . N E . O I J A 6 O A = J * A 6 / A L P H A  
J 2 = J I Z .  
J 4 = J I 4 .  
J K = J * K  
J R = J * R  
V G l 1  l=VIG 
NN=O 
D E L T T = ( T C - ( F T + 3 0 . 1 1 / 5 0 .  
I F ( D E L T T . L T . Z . 0 1  D E L T T = Z . O  
N = l  
19 
2 3 3 
23s 
2 4 i  
2 4 5  
2 56 
235 
2 6 C  
2 6 5  
2 7 0  
2 7 5  
280 
2 8 5  
2 9 0  
2 9 >  
300 
APPENDIX A 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C T H I S  PORTICE: OF THE PRbGRAM CGPPUTES THE BOUNDAQY L I P I I T S  FOR 
C THE GPS PROPERTI tS ,  THESE I N C L U D E  THE S A T U R A T I I I N  PRESSLLRt L I N t ,  
C CCNSTANT * b X .  VOLUYE L I N E ,  CJNSTANT TEMP L I V E ,  AN0 CONSTANT 
C h I N .  VOLclYE L I N E  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C BCUNOARY ObTPUT OPTION, S E T  FLAGOUT EQUAL ONE. T H I S  IS AN 
C I N T E P k A L  SETTING AN0 I S  USUALLY SET T O  ONE. 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F L A G f l U T = l .  
T T A B ( N l = T C  
I F ( F L L G l U T . E Q . 1 . J l  C A L L  BOUQDRY(1)  
13s CALL P L I N E  
L N C T = L N C T + l  
I F ( F L A G O U T . E P . I . ~ . A N D . L N C T . i T . 3 9 )  CALL r j J U N O R Y ( 1 )  
SAT U R P T I UN P P t S S U H c L I N  F C- A L C IJL AT I 01.1 
T L ( N ) = T I  
v L ( F I l = v I  
SL(h1.S 
Z L ( N l . 2  
A L ( N ) = A  
G L ( N ) = G  
PL(N1.P 
HL ( N  l = H  
I F t ~ - P S T O P ) Z 0 0 , 1 Y 0 ~ 1 4 0  
I F ( N . G T . 9 9 1  G O  T G  13C 
GO T O  1 9 4  
1 5 2  U R i T t ( 6 t l l b O )  
63 T O  9 1 0  
1 9 4  CONTIkUE 
TTAB ( E : )  = T T A B (  N - 1  ) - D E L 1 1  
G O  T O  1 8 0  
2 i C  k J L = N - I  
luh-"-1 
I F I S F L A G . N E . O . O . O R . Y U P L O T . N E . 0 )  C A L L  P L 3 T  
NN'G 
D E L T T -  I C T - T L I N O L  I )/bo. 
N.1 
T T A B ( N ) - T L ( N O L l  
V I = V L I N O L )  
C A L L  V V A K  
IF(FLAGOUT.EO.1.01 C A L L  BOUNDRY(2)  
CALL TVAR 
CALL PHOTV . 
L h C T = L N C T + l  
I F ( F L A G O U T . E Q . ~ . V . A N D . L N C T . G I . ~ ~ I  CALL B U U N J R Y ( 2 1  
c ***~*t***********~**************************************************** 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 
193 W=N+1 
2 1 0  T I = T T A B ( N l  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C H A X I 3 U f l  V b L U l E  L I N E  CALCULATION 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T U l N ) = T I  
VU I N  1 = V I  
SU(N1.S 
Z U ( N ) = Z  
AU(N1.A 
G U l N l = G  
PU I N )  =P 
H U ( N l = H  
I F l A B S l T I - C T I . L E ~ . l )  GO TO 2 3 0  
I F ( N . G T . 9 9 )  G O  T O  1 9 2  
T ~ d B l N ) = T T A B I N - l ) + D E L T T  
G O  T O  2 1 0  
2 2 0  N = N + l  
2 3 0  N O U I N  
I F I S F L A G . N E . O . O . O R . N O P L O T . N E . 0 )  C 
N N I O  
N = l  
V T A B ( N ) = V U ( N O U )  
T I = T U ( N O U )  
CALL TVAR 
IF(FLAGOUT.EQ.1.0) C A L L  B O U N O R Y l 3  






3 1 5  
320 
325 
3 3 0  
335 
3 4 0  





3 7 0  
3 7 5  
380 
2 4 3  u I - V T A B I N )  
C A L L  V V A R  
C A L L  P H O T V  
I F i F L A G O U T . t ? . l . U . 4 N U . L N t T . G T . 3 9 )  C A L L  d 3 U N 3 r l Y l 3 )  
L R C T = L N C T + l  
c +* *+*++*++**+*+++**** *+*** * * * * * *++***+*+*++**+**++*++**+***+**+*+*++**  




2 5 4  
270 
2 6 0  
2 8 0  
T T i N ) = T I  
V T i N J - V I  
S T i N ) = S  
Z T l N ) = Z  
A T i h ) = A  
G T ( N J = G  
P T  i N )  = P  
H T i N ) = q  
I F l  V I - J L  I 1  1 ) Z b O t  263,250 
h c N t 1  
I F ( N . G T . G 9 )  b o  T O  2 5 1  
G O  T U  2 5 4  
w Q I  T E  169  11 70 ) 
GG T L  91) 
C O N T I N U E  
C A L L  I U N I l 2 8 ~ 2 B ~ V ~ L T A ~ ~ l ~ O E L T A 5 ~ l ~ V T A 8 ~ N ~ l J ~ O ~ L T V ~ I A ~ I E R R ~  
I n = - 1  
V T A U  i N  1 g V T A 8  i N - 1  )-Ot L T V  
I t i V T A B i N J - V L ( 1 ) ) Z 7 0 , 2 4 0 , 2 4 0  
V T A B  i N  ) * V L  11) 
GC T O  2 4 0  
Nr3L L = N  
I F l S F L A G . Y E . O . O . J R . ~ ~ ~ L O T . N ~ . O )  C A L L  P L O T  
"-6 
G E L T T ~ l T T l N O L L ) - T C ) I 5 0 .  
N * l  
T T A B I N ) = T T i k O L L  I 
V I * v T ( " I L L )  
C A L L  VVAR 
I F I F L A G O U T . E O . 1 . 0 )  C A L L  B O U N O R Y ( 4 )  
TI. T T A  3 I N )  
C A L L  T V A R  
C A L L  P H O T V  
L NC T = L N C  T + l  
I F i F L P G O U T . E P . 1 . 0 . 4 N D . L ~ C T . 3 9 )  C A L L  d O U N O R Y i 4 )  
c *+++*+++*++++*+++*++**++*+**+++**+******++***+*+*+***+***+++****+****+ 
c + * * L * * + 4 + * + * * + * + + + * + * + + * + * * + * * + + + + + + + * * * * * * + + + * * + + * * * + * * * + * * + * * * + + * + * *  
C R I N I L ( U N  V O L U Y E  L I N E  C A L C U L A T I O N  
T A I N ) = T I  
VA ( N ) = V I  
S A i N 1 . S  
Z A l N ) - Z  
A A i N ) = A  
G A i N ) - G  
PA I N  ) = P  
I F I T I - T C )  300*300~290 
HAIN)-!-I 
IF IN.GT.~~)  G O  r a  192 
290 N = N t 1  
T T A B i h ) = T T A B ~ N - I J - D E L T T  
GO T O  2 8 0  
I F i S F L A G . N E . O . O . O R . N J P L O T . N E . 0 )  C A L L  P L O T  
D E L T = 9 0 . / 5 .  
I F ( N O S . E O . 0 )  GO TO 4 7 0  
L N C T - 0  
NOENT.1 
300 N @ U U = N  
c *++**+++****++++++*+*+++***+*+**+++*+********+***~+**++*+*+**+*+*++*++ 
C THE F O L L O Y I N G  L O O P  O U T P U T S  THE G A S  P R O P E R T I E S  F O R  T H E  




A P P E N D I X  A 
',, 
\ 
3 9 5  
401, 
4 G 5  
410 
41> 
4 2 3  
423 
33u 
3 4 0  






C g N T I k U E  
I F  ( uti1 0. L 
I F I S T A B I I  
L A L L  I U N I  
7( 
I B = - l  
C A L L  
1 C = - l  
G J  T O  4 0 0  
C A L L  
V S T = V U ( l  I /' 
I F ~ S T A B ~ I l ~ S 4 ~ 1 ~ 1 4 1 0 1 4 1 0 , 4 2 0  
I U l v I  ( ~ ~ P N O L I S L ,  1, V L j 1 ,  S T A B ( 1  I t V S T ,  IC, IE 
I U N I ( ~ ~ , N J U , S L J ,  i, T U 9 1 9  S T A B (  I ) ,TST,, I6,  I E R R )  
I D = - 1  / 
413 C A L L  I U N I ( ~ ~ # N ~ U U D S A #  l.TA,l,STAB,$ I I , T N D , I E ,  I E R R )  
, I E s - 1  
G O  T O  4 3 0  
422,  T N D = T T I l )  
4 30'\ L 8 1 
T T A B ( L l = T S T  
44LJ b . L + i  
T T , A e ( L ) . T T 4 s l L - l l t D t L T '  
I F (, T T A B  1 L )-Ti.tD 1440 , 4 7 0 ,  4 50 
N U T = L  
h N = O  
4 5 u  T T A ' B ( L ) = T N C  ,I 
V G ( l ) = V S T  /" 
S I = S T A B ( I I  /" . . . . . . . 
c * * + + * * 1 + * + + + + +*#+ + * + * *+ + + * ++ + + + + ++ + + + + +++ * + ** + +++ + + + + ++ + + * * + + * * * * + +++ 
C T t i E  R E M A I t $ B E R  OF THE M A I N  PXOGRAM C U d T R O L S  T H E  V A R I O U S  P L O T S  
c ++++*++*+++ +**+**+***+++++++++++****+*+++++++*+*++++++*+*+*++**+**+*+ C 
- c  
A V A I L A B L  ' T O  T H E  U S E R  i /  c +*+++*+/ *+++++t*+**+++++++*+*+++***+*+++++++*+++++*++++++*+++*++++++++ 
C P O T S  L I N E S  O F  C O N S T A N T  S I R  
c + * * ytt * ** + t + + ++ * * + * * ++ + * * * ++ + * + + + + + + ++ ++ + * + + * * ++* + + ++ + * ++ + + + + + + + ++ + * 
C A L L  S L I N E  
I F ( S F L A G . N f . l . 1  G D  T O  460 
C A L L  P L O T  
465 C O N T I N U E  
475 C O N T I N U E  
I F ( h O P L O T . E P . 0 )  Po0 TO 8 9 0  
c +**** *+***+*+++++++*+++++*++**+++++*+*+*+++++++*++++++++++++*+++*+++++ 
P L U T  O U T P U T  I S  C O N T R O L L E C  B Y  T H E  N A M E L I S T  P L O T I N  U H I C H  H U S T  
P R E C E E D  T H E  HZ N A M E L I S T S  - ONE N 2  N A H E L I S T  IS R E P U I R E D  FOR E A C H  L I N E  C 
O F  T H E  P L O T .  S E T T I M G  P L O T O U T  E P U A L  TO ONE I N  P L O T I N  U I L L  O U T P U T  
THE P L O T  C O M P U T A T I D t i S  ( T H I S  I S  U S U A L L Y  N O T  DONE U N L E S S  D E B U G G I N G  C 
C I S  [ r E S I * E D .  
C h A M E L I S T  N 2  C O N T A I N S  T h E  T A B U L A R  P L O T  I N P U T  AND MUST B E  P R O V I D E D  
C B Y  T H E  USER.  N 2  I N P U T S  F O L L O d  T H E  P L O T  I N P U T S  Y H I C H  F O L L O l l  T H E  N 1  
C I N P U T S  I F  CODE 13 H A S  B E E N  S E L E C T E D .  T H E  U S E R  I N P U T S  T d E  NUMBER 
C CF L I N E S  D F S I R E D  AND T H E  I N C R E M E N T S  B E T U E E N  THEM. . 
4 4 0  C NOTE I T H E  V A L U E S  M U S T  B E  W I T H I N  T H E  
//' 
4 3 0  / c  
I C  
5.3'5 ,/" C 
/ 
,/ 
C B O U N D A R I E S  OF T H t  C O M P U T A T I O N .  T H E R E F O R E  I T  IS RECOMMENDED T H A T  
C T H E  USER F I R S T  O B T A I N  T H E  B O U N D A R Y  V A L U E S  T H R O U G H  T H E  B O U N D A R Y  
C O U T P U T  O P T I O N  T U  H E L P  I N  T H E  S E L E C T I O N  OF T H E S E  V A L U E S .  I F  U N I N  
C E P U A L  T U 0  I h  N 2  T H E N  T H E  I N P U T S  A R E  I N  US O N I T S . "  
445 c ++++++++++++++++++++++++*+++++**+++**+*++*++****~*+**++*+**++*++++++*+ 
R E A D ( 5 , P L O T I N )  
Y R I T E ( b #  1400) 
1 F l P L O T V . E P . O )  G O  TO 510 
V T A B ( I I ) = O . D  
T T A B (  I1 1.0.0 
Z T A B ( I I l = O . O  
A T A B ( I I ) = O . D  
/ I F  ( 1  NOUT.EP.1) # R I T E  I 69  P L O T I N )  




4 5 5  G T A B  ( I I ) = O . O  \ 
i 471  C O N T I N U E  









L N C T = 7  
GO T O  370 
I F t L N C T - 2 5 )  3 6 0 , 3 5 0 , 3 5 0  
U R I T E ( 6 s 1 3 0 0 )  S T A B ( 1 )  
L N C T = 5  
GO T O  370 
U R I T E ( 6 , 1 3 5 0 ) S T A B ( I )  
L N C T m L N C T i 7  
C O N T I N U E  
I F ( U N I O . L E . 1 . )  S T A B ( I ) = S T A B ( I ) / 4 4 . 2 8 9 1 8 0  
If ( S T A B (  I l - S L ( N O L )  ) 3 8 0 , 3 8 0 , 3 3 0  
C A L L  I U N I ( ~ ~ I N O L B S L I ~ , T L , ~ I S T A E ~ ~ ~ I T S T I I B ~ I E R R ~  
I B =-1 
C A L L  I U N I  (999 NOL, SLI 1, V L s  I S S T A B (  I )  B VSTI I C 1 1  ERR 1 
I C - - 1  
GO T O  400 
C A L L  
ID. -1  
I U N I  ( 9 9 r h O U ~ S U , l r  TU, l ,STAB( I ),TST, I D j I E R R )  ml IT<!J t J I ' J .LE .  1 . )  STA.R:I) = STAB(I)/(EM/./ . 987 j  
I E = - 1  
GO T O  4 3 0  
4 2 0  T N O s T T ( 1 )  
GO T O  4 3 0  
I B - - l  
I F ( T N O . E Q . 0 )  U R l T E ( 6 , 3 0 0 0 )  
I F ( T N O . E P . 0 )  GO TO 910 
T T A B ( L l = T S T  
T T A B  ( L  1 w T T A B ( L - 1  ) + O E L T  
I F ( T T A B ( L ) - T N 0 ) 4 4 0 ~ 4 5 0 , 4 5 0  
400 I F ( S T A B ( I ) - S A ( l )  ) 4 1 0 1 4 1 0 , 4 2 0  
410 C A L L  w &# I U N 1 ( 9 9 > N O U U ,  S A , l j T A , l ,  S T A B  ( I  1, TNDI I E ,  I E R R  ) 
4 2 5  C A L L  I U N I ( ~ ~ ~ N O L ~ S L ~ ~ ~ T L I ~ ~ S T A B ( I I ~ T N D ~ I ~ , I E R R I  
4 3 0  L - 1  
4 4 0  L = L + 1  
4 5 0  T T A B ( L ) - T N D  
N O T - L  
V G ( l ) = V S T  
"-0 
S I = S T A B ( I )  
c ++***+**++++*+*+**+++++***++++*+******+++***++**+*++*+*+*++******+***+ 
C T H E  R E M A I N D E R  OF T H E  M A I N  PROGRAM C O N T R O L S  T H E  V A R I O U S  P L O T S  
C A V A I L A B L E  T O  T H E  U S E R  
c ++*++++*++*+*+*++*+*+++** * *+++* * * *+* *+++++++*+* *+* *++*+*+*+++++**+* * *+  
C 
c + * *++* *+*+++** *+* * * *+* *+++++*++*~+* *++++++**+++++*++*++*++*+*+++** * * *+  
C P L O T S  L I N E S  O F  C O N S T A N T  S / R  
c * *+*+++**+**+++**++**+*+++**++*+*++**++****++*+***+*+**++***++*++*+***  
C A L L  S L I N E  
I F ( S F L A G . N E . 1 . )  GO TO 4 6 0  
C A L L  P L O T  
460 C O N T I N U E  
4 7 0  C O N T I N U E  
I F ( N O P L O T . E Q . 0 )  GO T O  890 
c + + + * * * * * + + + + * * + + + * + * * + ~ * * * * * + + * * * * ~ + * * * + + * * * + * * * * + * + * * * * + * + + * * * + + + * * * +  
C P L O T  O U T P U T  I S  C O N T R O L L E D  B Y  T H E  N A M E L I S T  P L O T I N  i l H I C H  MUST 
c P R E C E E D  T H E  N Z  N A M E L I S T S  - ONE N Z  N A M E L I S T  I S  R E Q U I R E D  F O R  E A C H  L I N E  
C O F  T H E  P L O T .  S E T T I N G  P L O T O U T  E Q U A L  TO ONE I N  P L O T I N  Y I L L  O U T P U T  
C T H E  P L O T  C O M P U T A T I O N S  ( T H I S  IS U S U A L L Y  N O T  D O N E  U N L E S S  D E B U G G I N G  
C IS D E S I R E D .  
C 
C N A M E L I S T  N Z  C O N T A I N S  T H E  T A B U L A P  P L O T  I N P U T  A N 0  M U S T  R E  P R O V I D E D  
C B Y  T H E  USER. N 2  I N P U T S  F O L L O U  T H E  P L O T  I N P U T S  W H I C H  F O L L O d  T H E  N 1  
C I N P U T S  I F  CODE 1 3  d A S  B E E N  S E L E C T E D .  T H E  U S E R  I N P U T S  T H E  N U M B E R  
C OF L I N E S  D E S I R E D  AND T H E  I N C R E M E N T S  B E T t l E E N  THEM. 
C N O T E  : T H E  V A L U E S  M U S T  B E  U I T H I N  T H E  
C B O U N O A R I E S  OF T H E  C O M P U T A T I O N .  T H E R E F O R E  I T  IS RECOMMENDED T H A T  
C T H E  U S E R  F I R S T  O B T A I N  T H E  BOUNDARY V A L U E S  T H R O U G H  T H E  E O U Y O A R Y  
C O U T P U T  O P T I O N  TO H E L P  I N  T H E  S E L E C T I O N  O F  T H E S E  V A L U E S .  I F  U N I N  
C E Q U A L  TWO I N  NZ T H E N  T H E  I N P U T S  ARE I N  U S  U N I T S . "  
c *++++++++++++*+++***+*+**+*+++*+*+++***+++++*++*+++++**++*++++++++*++*  
4 7 1  
R E A O (  51 P L O T I N )  
U R I T E  (6,1400) 
I F ( I N O U T . E P . 1 )  U R I T E ( 6 , P L O T I N )  
I F ( P L O T V . E Q . 0 )  GO TO 5 1 0  




A T A D  ( X I  190.0 
GTAB(II)=O.O 






4 7 0  
475 
4 b G  




5 6  5 
5 1 0  
515 
520 
5 2 5  
530 
c **C****************************C*****************************~******** 




c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C PLOTS L I i?ES O F  CONSTANT V 
c **l**********************************************************B******** 
CALL V L I N E  
5CU CALL PLOT 
5 1 3  CONTINUE 
I F ( P L O T T . ~ O . O l  G J  T3 2 8 0  
L O  5 1 1  II.1,JP 
b T A B i I I I = O . C  
T T A B ( I I l = 3 . D  
A T A B l I I l = O . O  
G T A B ( I I 1 - 0 . 0  
ZTA8 1 I 1  I=u.O 
5 1 1  C O N l I N U E  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C I N P U T  NOT AN3 T T A d  FUR T L I N E  PLOT ' 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P E A 0  1 5 9 N 2  I 
Y N  ITTE l6,14CLl 
I 
5 2 0  
5 3 0  
540 




O C  570 cd=l,NIIT 
IF(LJNIN.NE.E.GI T T A a ( N I = T T A a i N l / . 5 5 5 ~  
I F ( T T A B ( N I - T L ( 1 1 ) 5 3 0 ~ 5 2 0 ~ 5 2 0  
VS1.VL ( 1  I 
G I 1  Ti) 5 4 0  
CALL I U N I i 9 9 r N O L ~ T L ~ 1 ~ V L ~ l ~ T T A 3 ~ N l ~ V S T ~ I ~ ~ I i R R l  
1 9 = - 1  
L = l  
VTAB i L  I - V S T  
L = L * l  
CALL I U N I i 2 ~ r 2 U ~ V D L T A d ~ l ~ D E L T A 8 ~ l ~ V T A B ~ L - l l , D E L T V ~ I C ~ I E K R l  
I C = - 1  
~ T A e l L I ~ V T A B ( L - l l + O E L T V  
IF( V T A a i  L )-VL I N O L  1 1 5 5 O 1  5 5 0 1  5 6 0  
V T A B i L l = V L i N O L )  
h0V.L 
HN.0 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C PLOTS L I N E S  CIF CONSTANT T 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL T L I N E  
573 CALL PLOT 
5 6 3  CONTINUE 
IF iPLOTZ.EP.01  GJ T O  t 7 0  
D O  5 8 1  IIrlr99 
V T A B i I I  1=0.0 
TTAB (11 1.0.0 
Z T A B ( I I l * O . D  
A T A B i I I l = O . G  
G T A B ( I I l = @ . O  
5 8 1  CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C I N P U T  NO2 AND Z T A B  F J R  Z L I N E S  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REA0 (59  h2 I 
U R I T E ( 6 r 1 4 0 0 1  




5 3 5  
5 4 0  
5 4 5  
5 5 c  
555 
5 e n  
36 5 
570 
5 7 5  
50v 
3 M C  
5 9 b  
593 
t o ( !  
b u s  
00 660 Im1,NOZ 
1 F ~ Z T A B 1 1 1 ~ Z U l 1 1 1 6 0 0 ~ 5 9 0 ~ 5 9 0  
590 1 F ~ Z T A B ~ 1 1 ~ Z U ~ N O U 1 ~ 6 1 0 ~ 6 2 0 ~ 6 2 0  
6GO C A L L  I U N I  i S 9 1 N O L ,  ZL, 1, V L , l ? Z T A B (  I ), VND, I B ,  I E R R  ) 
ra=-1 
G O  T O  630 
610 V N O = V U ( l l  
G O  T O  630 
620 C A L L  I U N I ~ 9 9 ~ N O L L ~ L T ~ 1 ~ V T ~ l ~ Z T A ~ l I l ~ V N O ~ I C , I E R R l  
6 3 0  C A L L  I U N I  l99,NOUU,ZA, l ~ T A s l 9  ZTALB I I ) S T S T ,  IO, ItRRl 
IC=-1 
108-1 
V S T = V A ( l I  
V G I  l I = T S T  
L = l  
V T A B ( L ) = V S T  
6 4 0  L . L + l  
C A L L  
I E . - l  
V T A B I L l = V T A E ( L - l 1 + 3 E L T V  
I F I V T A ~ ( L ) - V N J l o 4 0 . 6 5 0 , 6 5 0  
N O V - L  
"80 
I U N I  1 2 8 9 2 6 9  VOLTAB, 1 t O E L T A B t  1, V T A B  I L - l l , O E L T V ,  I E ,  I E R R )  
6 5 0  V T A b ( L ) = V N O  
c + + * + 4 + + * * + + + + + * + * * * + + + + + + * + + + + + + + + + + + * + + * + + + + + * + + * + + + + + + + + + + + + + + + + * + + *  
C P L O T S  L I N E S  OF C O N S T A N T  2 
c *+++++*+*+++*+++*+*+*+*+++*+++*+++**++++***+++++*++*+++**+++*+*++**++* 
C A L L  Z L I N E  
660 C A L L  P L O T  
670 C J N T I N U E  
I F ( P L O T A . E O . 0 )  GO T O  7 4 0  
UO 671  I I = 1 , ? 9  
V T A B ( I I l = O . G  
T T A B ( I I I = O . O  
Z T A B ( I I l = 0 . 0  
A T A 0 ( I I l = O . C  
G T A B ( I I l = O . O  
6 7 1  C O N T I N U E  
c + + S * + * + + + + + * + + * * * + + + * + + + * * * * + + + + + * * * + + * + * * + * * * + + + + * + * + + + + * + * + * + + + + + * + *  
C I N P U T  : IOA AND A T A d  FOR A L I N E S  
c +***+++*++**+*++++**++++++*+++++*+++*++++**++**+*+++*+++++++++*++++*++ 
h E A 0 ( 5 , h ( 2 )  
I F ( U N I N . N E . Z . O I  A T A R ( I l ~ A T A E ( I l 1 . 3 G 4 d  
I F ( A T A ~ ( ~ ~ - A J ( N ~ ~ I I ~ M u , ~ ~ ~ , ~ ~ C  
6 8 0  V N O = V b ( l )  
GO T O  7 0 0  
10z-1 
IC.-I 
V S T S V A  ( 1  I 
V G I  l I = T S T  
L a 1  
b T A L I ( L  I S V S T  
C A L L 
V T A 8  ( L  I - V T A R L L - 1 1  t J t L T V  
1 ~ ( V T P 0 ( L 1 - V N D 1 / 1 0 , 7 i 0 . 7 2 0  
Y C V I L  
" 8 0  
6 9 3  C A L L  I U N I  ( 9 9 r N 3 L L j  A T ,  l , V T , 1 9 P T A S (  I 1 9 V N G , I 3 9  I i R R  I 
7CQ C 4 L L  I U N I  f 4 4 , N O t J U v A A ,  1 , 1 4 1  l , A T A H (  I l , T S T , I C ~  I t i l R  I 
7 1 5  L = L * 1  
I UN I 1 7 8 ,  2 d 9 'J 0 L T A B, 1 0 E L  T AB 9 1, V T A B 1 L - 1  I 9 0 E L T V 9 I 0, I ERR ) 
IC.-1 
72'1 V T A 6 ( L l = V N U  
c + * * *++*+* *+++*+* *+* * * *+*~+*+*++*+++**+++++*++++++*+*+* * *+*+++*+*+*+++*  
L P L O T S  L I N E S  3 F  C d N S T A N T  A 
c * + * + + * + + + + * * + * * * * * + * * + + + * + * + + + + + + + + + * + + + + + + * * * + * + * + * + * * + * + + + + * * + + * + + * *  
C A L L  P L I N E  
7 3 v  C A L L  P L 3 T  
746 C O N T I N U E  
I F ( P L D T G . E Q . S l  G6 r3 d 4 0  
C O  7 4 1  I I=1 ,73  
V T A B I I I l = O . O  
TTA0IIIl-G.@ 




6 1 5  
620 
62 5 
b 3 6  
b 3 5  
b 4 u  
6 4 5  
650 
b 5 5  
6 6 0  
6 6 5  
6 7 0  
675 
6 0 0  
A T A B I I I ) = 6 . 0  
GTAB I 1 1  )=C .O 
7 4 1  CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C I N P U T  dUG Ah3 GTAd F J d  G L I V E S  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FEADI5,NZ) 
Vi( I T E  ( br 1 4 C C )  
I F l I h D U T . E P . 1 )  d i l T E ( b r N 2 )  
h K =  N J L -4  
N K K r j  
D b  7 7 5  I m l j N 3 G  
TST=TT 11 . )  
CALL I U N 1 ( ? 9 , N O L L i i T ,  l , V T , l ~ G T A B l  I ) , V S T , I B r I t R *  1 
1u=-1  
C A L L  I U N I l 9 9 ~ N O U U ~ t i A ~ l r T A 9 l ~ G T A 3 ~ I ~ ~ I ~ O ~ I C ~ I ~ ~ K ~  
I C = - 1  
V G I l ) = V S T  
L.1 
T T A 6 1 L ) = T S T  
7 5 0  L . L t 1  
T T A B I L ) ~ T T A ~ l L - l ) - J t L T  
I F ( T T A a ( L ) - T N D ) l b ~ , 7 b U , 7 5 0  
E’9l.L 
NN=C 
7 0 3  T T A B l L ) = T N D  
c * * * * * * * * * * * * * * * * * * * C * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C PLOTS L I V E S  3 F  CONSTANT G 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
77(1 
7 6  2 
, 7 9 5  






C A L L  G L I N E T  
CALL PLOT 
P O  8Gr) I = l , N J G  
kND.VU( I )  
C A L L  I U N I  1 5 ? , N K i b L ( Y < K  1 ,  l r  T L  ( N K K )  v l ,GTAB( I ) , T S T ,  I E t  I E l t R )  
I S I - 1  
CALL I ~ N 1 1 9 5 ~ N ~ ~ ~ L ~ ~ ~ ~ ~ i l ~ J L ( N K K ~ ~ 1 ~ G T A d ~ I ~ ~ V S 1 ~ 1 C ~ 1 t ~ ~ ~  
I C = - 1  
b G I l ) = T S T  
L.1 
VTAE ( L  ) * V S T  
L.L+1 
CALL I U N 1 ~ 2 8 ~ 2 d ~ ~ D L T A b i l i O ~ L T A B I L - 1 ) 1 D ~ L T V ~ I D ~ l t ~ R ~  
ID=-1 
V T A B l L ) ~ V T A ~ ~ L - l ) + D c L T V  
I F ( V T A B I L ) - V ~ ~ ) 7 8 0 , 7 ? ~ , 7 9 0  
VTAB I L  )=VND 
N o v = L  
NN-C 
CALL G L I N E  
CALL PLOT 
G O  d J 0  I = l , N O G  
T S T - T T ( 1 )  
C A L.L 
I8=- ;  
CALL 
I C - - 1  
\ r G l l ) = V S T  
L.1 
T T A B I L ) = T S T  
L.Lt1 
T T A B ( L ) ~ T T A B ~ L - 1 1 - 3 E L T  
I F l T T A E ~ L ~ ~ T N D ~ d Z O , E Z O ~ E l O  
I UN I 199 9 NULL , G I  t 1, V T, 1, G T A B ( I 1 ,  VS 1 P I R , I t  9 R 1 
I U N I  ( 9 9 ,  h d U t  GU, 111 UP 1 GTAB I I I t  TYDI IC, I t R R  ) 
T T A B  ( L ) = T N D  
NOT=L 
NN=O 
CALL G L I N E T  
V G ( 1  ) = T N D  
V T A B ( l ) = V U I l I  
NDV.1 
C A L L  G L I N E  
C A L L  PLOT 
CONTINUE 
IF(SFLAG.EP.O.0) CALL CALPLT l0 ,0 ,999 )  
IF(SFLAG.NE.1.) GO TO 910 
CALL C A L P L T  l0,0,?9Y) 
GO TO 910 
25 
APPENDIX A 
08  5 
h9fJ 
10 
I S  
30 
3:, 
4 0  
45 
9 G J  k Q I T E  (6,  ItGO I 
GC T G  910 
9C5 h ~ I T t ( 6 , Z O u u I  
ZOLO FflRMATllrllr////,ld~r*TtlE PROGRAll D O E S  NOT HAMDLE T H I S  COMPOUND*I 
l l X t * i O d R i C T L Y  AT T r l I S  T I M E  BECAUSE OF t R R 3 R S  I N  THE*r / , lSX,  
?*TtiERMODYNAMIC CdNSTANTS. PLEASE REFER T O  THC FREON PRODJCTS*, 
31X,*BULLETINS FUR THE GAS P X 3 P E P T I E S  +,/,15X, 
4 *THAT ARE A V A l L A a L r .  S L P R Y  FOR THE I q C O N V I E N I C k C E . * )  
910 STOP 
E k G  
SUdPUUTINE A L I N E  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C SUBkOUTIUE A L I N t  COMPUTES L I N E S  O F  CDNSTANT A, SPEED OF SOUND 
c * * * * * * * * * * * * * * * * * * * C ? * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P I M E N S I O N  T T A J l 9 9 ) r W T A ~ f 9 9 ) r S T A B ~ 9 9 ) , Z T A B ( 9 9 1 ~ A T A B ~ 9 9 1  
C D M fl ON J 4 6 0 A, S U 'I 16 J B P C 9 V C , E 39 U N I 0, F T , C T J P S T 0 P , P L OT OU T 
CGMMClr S U N 1 6 1 , S U ~ ; 6 2 , S U M 1 6 3 ~ S U R l 6 4 , S ~ ~ l 6 ~ , S U Y 1 6 6 ~ C A P Y , C A P X ~ T C  
C OM M ON C V 9 P P T 
C O f l M ~ i h  NOT, TTAB, YLb't VTAB,NOSISTAB, NO29 ZTABsNOA, ATAB,VIG 
CCMhOh V G ~ 2 ~ ~ A G l 2 ~ ~ S G ~ 2 l ~ Z G ~ 2 ~ ~ P G ~ 2 l ~ V G N , I ~ N ~ J J ~ G G ~ 2 l ~ A S ~ ~ A I ~ S I ~ Z I  
C U ~ M O N  PSI Nh, XPLOT(99) ,  Y PLOT ( 9 9 1  ,GI,STAa( 2 9 1 r N O G j G  
CORMON C A P A , C A P S S C A P C , C A P D P C A P E S C A P F ~ C A P G , C A P H , C A P L B E R R  
C i l M h O N  A E I , A L P ~ A ~ A ~ I , A S ~ ~ ~ , A ~ ~ A S , A ~ , ~ Z , ~ ~ T , B ~ ~ ~ ~ T ~ B ~ , ~ ~ T J  
P P V * IN A ME 9 NAME 1 e N A3 E Z 
1@4T4,85, d 5T,do, d 6 T 1 C L 9  C Z E t  C3, C 3 E 1  C59C5E9 EAV 1 1  EKKTI ,  
2H,J,JB60A,JK,JR, JVI,JZ, J 4 ~ K ~ ~ T I , O Y I B ~ O V I B Z , O V I ~ 3 ~ O V I B 4 1 0 V I B 5 , P ~  
~ P ~ R T I , S ~ S A A , S ~ , S B B I S C , S D ~ S F ~ S U R ~ O ~ S U ~ ~ ~ ~ S U M Z ~ S U ~ ~ ~ ~ U M ~ ~ ~ S U M ~ ~ ~  
4SUM35,SUM4,SUh>, jU.'Ibt S L ' M 9 ,  T I ,  T I Z P T I ~ P T I ~ ,  V I ,  VIMB, VIMBZ,VI f lB22 
V I M b b t  O b ' I d b , S U ~ 3 6 ~ S ! J N 3 7 ~  SU?l38,SUH39, S U M 4 3 ,  SUY41, SUM429 
1SUM53, V I 2 9  J V I  2 , 4 r  i ~ v I M 8 3 ~ V I Y 8 3 3 ,  VIMB4, V IRB44 ,  VIMB5,VI f lB55 
CONhON 
F t A L  K , K T I I J , J V I ~ J ~ ~ O A ~ J Z ~ J ~ , J K , J P , J V I Z , J A ~ O A  
A I = A T A B ( I )  
DO 2 N=l,NOV 
b I * V T A B ( N l  
C A L L  VVAR 
JJ.1 
44 T I = V G ( J J )  
C A L L  TVAR 
C A L L  AOTV 
AG( JJ 1 =A 
I F ( A B S l A G ( J J ) - A I  ) - t A d * A 1 ) 7 0 9  711 7 1  
71 I F  ( J  J - l 1 7 2 ~ 7 ? 9 4 3  
72  JJX2 
V G ( 2 l = V G ( 1 ) * 1 . 3 5  
GG T O  4 4  
4 3  VGN~((VG(Z)-VG(l)l/(AG(Z)-AG(1))) 
l * ( A 1 - A G ( l ) ) + V G ( l )  
I F  (VGN)46,46,45 
46  VGN=.5*VG(Z l  
4 5  A G ( l ) = A G ( Z )  
V G ( l l - V G ( 2 1  
V G ( 2  )=VGN 
GO ?O 4 4  







1 :  
z c. 
3 5  
40 
4 5  
SO 
5 5  





lklCAPB.NE.l.!,) G C  TO 2COO 
C 
C * l t l + * * t + * l t l + ~ t + ~ C * ~ ~ * * * * + * * * * * k * * * * * * ~ * * * * * * * + * * * * * * * * * * * * * * ~ * * * * * * *  
c A=F(T,V)  FOR C 8 2 F 3  3 N L Y  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V I 3 = V I 2 * V I  
v 1 4 = v I z * w I z  
V I  5 = v I z * v I  3 
C V ~ 0 . ~ 1 7 2 + 1 . 9 4 c - 4 * ~ 1 - 8 . 3 4 9 9 9 9 ~ - E * T 1 ~ + 1 ~ 6 3 1 ~ ~ 7 / ~ V 1 * T 1 4 1 - ~ . 3 ~ Y 9 B b E 3 /  
PPT=0.07ZJ47/VItC.3uL14617/VIZ-~~~OO~Z4787/VI3tO.OOOOUO2l55/VI4 
P P V = - 1 1 2 . * 2 ~ 4 Y ~ 9 7 ~ / V l ~ - l 3 ~ * ~ ~ Z 7 ~ 5 5 B l / V l 4 t ~ 4 ~ * ~ G ~ O l 7 B 9 4 ~ / V I ~  
1 ( V I 3 * T I 4 ) t 4 . 0 b 4 J 7 8 5 E - 4 / V I - 4 . 5 ~ 6 9 O E 7 € - b / V ~ ~ - 3 . ~ B 7 b 9 Z ~ E - a / V ~ 3  
1 + l 3 . / T I 4 1 * ~ 5 . B 7 7 t b / ~ 1 2 - 2 ~ b 1 7 ~ 3 / V 1 4 ~  
1 + T 1 * l - 0 . 0 7 2 0 4 7 / V 1 2 - l 2 ~ + ~ 0 0 2 1 9 6 1 7 1 / V 1 3 t l 3 ~ * ~ 0 ~ ~ 0 2 4 7 d 7 J / V 1 4  
Z - l 4 . * . O C O 0 G ~ Z l ~ 5 l / V I 5 l - ~ ~ - Z . * 5 . 8 7 7 t b ~ / V I 3 t l ~ . * Z . b l 7 E 3 ~ / V ~ 5 l / T I 3 ~  
A =  J V I i * T  I *PPT* * Z  / C  J-V I Z * PDV 
G O  T O  z o o 1  
1 0 0 0  CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C A = F ( T , V )  F O R  C Z F b  ONLY 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B t T A - . O C 3 2 2 3 6 d 1 5 5 3  
A L P - 3 8 . 2 0 2 7 b 9 4 Z  
R - .  L 7 7 7 3 3 3 9 7 6 9  
P T I - R * T I  
C V = . 0 2 3 7 8 7 7 5 C 3 7 + . 0 J 3 3 ~ b 3 ~ 5 1 3 3 3 + T 1 - . 1 4 2 1 1 u ~ 4 ~ - 0 6 * T 1 ~  
1 t . 7 6 1 1 7 5 3 5 5 4 E - 1 1 * ~ 1 3 - ~ ~ 6 9 0 ~ 1 7 ~ E t 0 3 / ~ 1 2 t ~ ~ 3 ~ * J * A L P 1 /  
2 ~ 4 . * B E T A * T I * * 1 . 5 1 1 * A L O G l ~ V I + B E T A l / V I )  
P P T ~ R / ~ V I - ~ € T A l t A L P / ( 2 . t V I * l V I t @ E T A l * T I * * l . 5 ~  
P P V ~ - P T I / ~ i V I - B E T A ~ * ~ V I - B E T A l l t l A L P + ~ Z ~ * V l t ~ E T A l ~ / ~ V l 2 * ~ V l t B ~ T A l  
PPV.-PPV 
A = J V I Z * T I + P P T * * L / C W - V 1 2 + P P V  
l * l V I + B E T A l * T I + * . 2 l  
G O  T O  zaoi 
c * ***+**+****+*************~*+************+*****+*****+***+*+*+******+*  
C A.F(T,VI F O R  ALL OTHER FPEONS 
c +*******************++******+***+*+*****++**+**********+++***+****+**+ 
ZOO0 CV=SUP!160-SUH3a*SUd36 
PPT- ( P  * O V I d t S U M 3 4 + O V I R Z + S U n 4 0 + O V I B 3 + S U M 4 3 t S U ~ 4 l * O V I B 5 ~  
P P V l  ( 4 T I * O V I B Z + S U M 3 3 + O V I B 3 t S U M 3 ~ * O V I B 4  
A * J V I Z * T I * P P T * + Z / C V - V 1 2 * P P V  
A = S P R T l A * 4 6 3 3 . 0 5 6 )  
R E T U R N  
E NO 










4 0  
45 
5 0  
5 5  
b 0  
SUBROUTINE BOUNORY(S1DE) 
c +++++++++++++++++*++'++++**++++++++++++++++*+++++++++++++++++++++++++++ 
C SU0ROUTINE B3UdORY I ~ R I T E S  THE .HEADINGS FOR THE BOUNDARY OUTPUT 
c ++*++*++++*++++++++*+++++*+++*++++*+*+~**+++++++++++*++*+*+*++++*++++* 
D I M E N S I O N  T T A B ( ~ ~ ) , V T A ~ ( ~ ~ ) P S T A ~ ( ~ ~ ) , Z T A ~ ( ~ ~ ) ~ A T I B ~ ~ ~ )  
CORHdN J A 6 0 A ~ S U f l 1 6 0 r  PCIVC, E ' 4 , U N I O , F T , C T ~ P S T O P , P L O T O U T  
COMMUN S U ~ 1 6 1 ~ S U ~ l 6 2 ~ S U f l 1 6 3 1 S U n 1 6 4 , S U n 1 6 5 . S U n 1 6 6 ~ C A P Y ~ C A P X ~ T C  
COHHON CV,PPT,PPV,NAHE,NANEl ,NAME2 
COflMON N O T ~ T T A B ~ N O V ~ V T A B ~ N O S ~ S T A B , N O 2 ~ 2 T A B , N O A ~ A T A B ~ V I G  
COflMON V G ~ ~ ) ~ A G ( Z ) , S S ( ~ ) ~ Z G I ~ ) D P G ~ ~ ) ~ V G N , I , N , J J ~ G G ( ~ ) ~ A S Q , A I ~ S I ~ Z I  
COMMON 
COMMOh C A P A ~ C A P 0 > C A P C , C A P D ~ C 4 P f , C A P F , C A P G , C A P G , C A P H , C A P L , E R R  
C OMMON A E  11 ALPHA, A V I  A 2 9  A3, A4, A 5 9  A 6 r  B 2 ~ 0 2 T 1  B 3 r  B3T,B4>84T, . 
PSpNN, XPLOT (99  1, Y PLOT 1 9 9 )  ,GI,GTAB(99), NOG>G 
~ ~ ~ T ~ ~ B ~ ~ ~ ~ T ~ ~ ~ ~ ~ ~ T I C Z ~ C ~ E ~ C ~ ~ C ~ E ~ C ~ ~ C ~ E ~ E A V I , E M K T I ,  
2 H p  J t  J B 6 C A r  J K t  JR, JVI, JZ, J 4 ~ K ~ K T I ~ O V I B , O V I B 2 ~ O V I B 3 ~ O V I B 4 ~ O V I B 5 ~ P ~  
3 K ~ R T I ~ S ~ S A A ~ S B ~ S ~ ~ ~ S C ~ S O ~ S F ~ S U M l O ~ S U H l l ~ S U H Z ~ S U H 3 ~ S U H 3 3 ~ S U M 3 4 ~  
4 S U M 3 5 ~ S U ~ 4 ~ S U M 5 ~ S U M 6 ~ S U H 9 ~ T I ~ T I Z ~ T I 3 ~ T I 4 ~ V I ~ V I H B ~ V I H B 2 ~ V I M B 2 2  
COMMON V I N 0 6 ~ 0 V I B 6 ~ S U M 3 6 ~ S U M 3 7 t S U M 3 0 ~ S U ~ 3 9 ~ S V ~ 4 O ~ S U M 4 l ~ S U M 4 2 ~  
~ S U M ~ ~ ~ ~ I ~ D J V I ~ ~ A ~ Z ~ V I M B ~ ~ V I M ~ ~ ~ ~ V I H B ~ ~ V I M B ~ ~ ~ V I M B S ~ V I H ~ ~ ~  
REAL 
REAL J V I Z  
REAL JAbOA 
INTEGER S I D E  
COMMON PL(99),HL(99),PU(99),4U(99) 
COMMON T T ( 9 9 ) , V T ( 9 Y I , S T ( 9 9 ) , Z T ( 9 9 ) , A T ( 9 9 ) 1 G T ( 9 9 l , P T l 9 9 ) , H T ( 9 9 )  
COMMON TA(99) ,VA l991 ,SA(99)1Z1(99 )1A1orC4(99 ) ,GA(99)>PA(99) ,HA(99)  
COMMUN T L ( 9 9 ) , V L ( 9 9 ) , S L ( 9 9 ) , Z L ( 9 9 ) , A L ( 9 9 ) , G L ( 9 9 ) , N O L , T L I M  
COWVON T U 1 9 9 ) , ~ U ( 9 9 ) , S U ( 9 9 ) , Z U ( 9 9 ) , A U l 9 9 ) , ~ U ( 9 9 ) , N O U , T U I M  
COMHIlti LNCT 
C O M ~ O N I F N A M t l F N A M ( 2 o )  
K,KTI, J, J V I t  J B 6 O A t  J2r J4, JK, J R  
1303 F O R ~ A T ( l H 1 ~ 1 , 4 0 X ~ + ~ 0 U N O A ~ Y  I N F O  SATURATION PRESSURE L I N E + )  
1050 F O R M A T I l H l t / , 4 3 X , + B O U N D A R Y  I N F O  MAXIMUM VOLUME L I N € + )  
1100 F L R M A T ( ~ ~ ~ ~ / , ~ O X , * ~ O U N ~ A R Y  I g F O  CONSTANT TEMPERATURE L I N E + )  
1150 F O P M b T ( l ~ 1 , 1 , 4 3 X , * a O U N U A R Y  I N F O  M I N I Y U M  VOLUME L I N t + )  
1200 FORMAT(44X,+OUTPUT I N  Lis U N I T S  F O Q  *,A6,A4111 
1 1 1 , 5 X t + T + r l O X , + V * ~ 3 X , + P * ~ l O X , + H + ~ 9 X , + A * ,  
18x1 *CP/R+) 5 x 3  *GA?lflA*,6X,*G+s 7X,+Z+, 1 1 x 9  *MU+, 9 x 1  *K+, 8 X s  +FtPR+j 5 x 9  
Z * S I R * , l )  
1 2 5 i l  FORMAT(44X,*OUTPUT I N  S I  U N I T S  FOR * , A b l A 4 p / r  
1 / 1 9  5X,*T+, 1 0 x 9  *V*,9X,+P*,lOX, +H*PPX,+A*I 
1 8 x 9  *CP/R*, 5 x 9  *GAMhA*, 6 x 9  *G*, 7X, *Z*r 1 1 2  s +NU*, 911 +K+,8X, *NPR*, 5x1 
Z * S / R + i  1 )  
GC TO ( 1 0 0 , 2 ~ 0 , 3 5 ~ , 4 0 0 ) , S I D E  
c *+*****++*+*++****+******+***++**++++***++++**++++*++*++**++++++++***+ 
c + * * * * * * * + * + * * * * * * * * * * + * * + 4 * * * * * * * * * * * + + + + + * * * * * + * + * * + * * + * * * * * * * + * * + + * +  
c + + * * * * * * * * + * * * * + * * + * * * * 4 + * * * * * + * + * + + * * + + * * + * * * * * * + + * + + * * * + + + + * + + + * * + + *  
C HAXIMUM VOLUME L I N E  
c +* * * *++*** *+*** * * * * * * * * * * * * * * * * * * * * *+*+++**+*** * * * * *+**++**+*+*** * *+**  
c ******~+*.+*+***********************++***+++***++++*+***+*++*+****++++ 
c * * * * * * * * * * *+***+***+*+**+**+*** * * * * * * *+*+++***++*+**++***+*++***+***++ 
c **********+**+****+*+***+*********++**++**+*+**+*+*+++*+**+****++*++++ 
c * * *+* *+* *++* * * * * *++*+++** * *+++* * *+++*+* *+++* *+++++**++*+* *++++**+*++++  
C SATURATION PRESSURE L I N E  
103 k R I T t ( 6 1 1 0 0 C )  
G O  T U  500 
2 C J  ~ k I T E ( 6 r 1 0 5 0 )  
LO T O  5 0 0  
C CONSTANT T F k P E R A T U d t  L I N €  
300 h R I T E ( 6 , 1 1 0 0 )  
G O  TO 505 
C M1,VIMUY VOLU'IE L I N c  
4 C 3  WRIT:(b, l lSO) 
5C.3 IF(UNIO.GT.1. )  G i l  TO 5 1 0  
w R I T E ( 6 , 1 2 5 U )  F N A ~ ( N A M E l ) , F N A * ( Y A M E 2 )  
G O  T U  5251 
5 1 0  b R I T c l b , l 2 0 0 )  F N A h ( N A M i l ) , F Y A n ( N A M E Z )  
5 2 ~  L h C T - 4  
RETURN 






2 5  
30 
3 5  
40 
45 
















3 5  
5USROUTINE CNSTS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C SUBRrJbTINF CNSTb d S 5 I G h S  TrlE CONSTANTS QEPUIRED I N  T H t  T r l t R h O D Y N A M I C  
C C 3 U A T I i l N i  F O 2  M'iICd t V E R  F R E J N  CO'IPUUND r1AS HEEN S E L E C T t O  
C 
C F R E O N  PRDDLCT S J L L E T I N S  ARE A V A I L A B L E  F R J M  TAE F R E O N  PRdrlUCTS 
C D I V I S I O N  OF I .  3 U  P i lNT DE YEMIURS & C3. r  I Y C .  CILMINGTON, 
C C ~ L A W A R E  1 9 6 9 d  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C3MFi3N J A 6 f l A t  j b J N l t J t  PC, VC, E r r  U Y I J t  F T t C  T,?STOP, PLOTCI9T 
G I P E N S I O . . I  T T 4 Y ( 3 ~ ) , V T A B ( 9 3 l ~ S T A 9 ~ ~ 9 ) , Z T A ~ ~ 9 9 ) , A T A B ~ 9 9 )  
COMMON S U ~ ~ ~ ~ ~ S ~ Y ~ ~ Z , S U ~ ~ ~ ~ ~ S U ~ A ~ ~ ~ S U M ~ ~ ~ ~ S ~ ~ ~ ~ ~ ~ C A P Y ~ C A ? X ~ ~ C  
COMMON C V I P P T , ? P J , Y A ~ ~ , ~ A Y E ~ , N A Y E ~  
COMMOh N O T , T T A d , N 5 V s V T A B , N ~ S r S T A B , N O Z ~ Z T A B , N O A , A T A a , V I ~  
C3MMGh 
CGMMON C A P A , C A P a , C A P C , C A P D , C A P E , C A P F , C A P G ~ C A ? l i ~ C A P L ~ t R R  
CJP,MC;h A E ~ ~ A L ? H A , A V I , A ~ ~ ~ ~ , ~ ~ , A ~ ~ A ~ ~ B ~ S ~ ~ T ~ ~ ~ ~ B ~ T ~ B ~ ~ B ~ T ~  
VG ( 2  I P AG ( 2  ) P S G  ( 2  ) 9 ZG ( 2 ), PG(  21, VGN, I ,  N, J J, GG ( 2 )  3 ASOt  A I ,  SI, ZI 
C J M M O h  PS,NN, XPL 31  ( 9 9 1 ,  YPLOT(99),GI,GTA J t 9 9 )  t N O G 9  G 
1 ~ 4 T 4 , B 5 , 3 5 T , H b , 9 b T ~ C Z , C 2 E , C 3 , C 3 E ~ C 5 C 5 E ~ ~ A V 1 ~ ~ M K T 1 ,  
~ H , J , J ~ ~ ~ A , J K , J H , J V I I  JZ, J 4 ~ K ~ K T I ~ O V I B ~ O V I ~ l ~ O V I ~ 3 ~ O V I ~ 4 ~ ~ V f ~ 5 ~ P ~  
3 h t R T I , S , S A A ~ S d ~ S 3 8 ~ S C ~ S D ~ S F ~ S U M l O ~ S U ~ l l ~ ~ U M Z ~ S U M 3 ~ S U M ~ 3 ~ S U M 3 4 ~  
4SUY35, SU'(4,SUMS, S U I b t  S U M 9 9 T I  * T I 2 1 T 1 3 ~  T I4 rV I ,V IMB,V IMBZ*  V I M B Z Z  
lSUM43,VIZ, J V I Z ~ A ~ Z ~ V I M B 3 , V I Y 9 3 3 , V I M B 4 , V I n 8 4 4 , V I M ~ 5 ~ V l M B 5 5  
C i M M O N  
P E A L  K , K T I , J , J V I , J ~ ~ U A , J Z ~ J ~ , J ~ , J ~ , J R  
P t A L  J V I Z  
P E A L  J A t O A  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C I N I T I A L I Z A T I O N  O F  T H t  THERfiOOYNAflIC ZONSTAYTS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D O  10 1.1999 
STAG( I )=O.D  
l@ CONTINUE 
N C S . 0  
C A P G = C 4 P H = C A P L = C A P A = C A P Y = T C - D . O  
PC=VC=EY=FT*CT=O.O 
R=AZ=BZ=CZ=A3=B3=O.C 
C A P A = C 4 P 3 s C A P C * C A ? U * C A P E * C A P F = O . O  
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4 d  
4'- 
5 1.1 
5 >  
60 
6 3  
7 u  
7 5  
8U 
8 5  
9t 
9 5  
100 
1 0 5  
110 
C 3 = P 4 = a r = A 3 = a 5 = C 5 = j . 3  
4 6 . 8 b = S a = K = A L P r I A = S P A = 0 . 0  
S f l B = S L * i O = S F = U . O  
€ W K = O .  I E - 6 4  
J = . 1 6 5 3 > 0 5  
P S T O F = . 0 7 4  
GU T O  ~ 1 3 3 ~ ~ J C ~ ~ 3 0 r ~ ~ ~ ~ 5 C 0 ~ 6 3 0 ~ 7 0 U ~ 8 0 0 ~ 9 J ~ ~ 1 3 0 0 ~ 1 1 0 1 ) ~ 1 2 0 J ~ ~ N A N i  
c * * * * * * * * * * * * * * * * * t * C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C F * E G n  11 ( C C L 3 F )  I Z I ? U T  CLNSTAVTS 
C c t F t 2 t N C t  - O R .  J. J .  P ~ A R T I V I  U Y I V .  JF  MICr I IGAN AND FKEON 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
100 V1Gs.F.O I C P P A = 4 2 . 1 ~ 7 0 2 8 t 5  S C A P 8 * - 4 3 4 4 . 3 4 3 t l O 7  0 C A P C = - l Z . d 4 5 3 6 7 5 3  
C PPODIJCTS BULLETIN r - i l  
CbPO=C.U34CC831E>C? 3 L A P E = S . 4 3 i 3 6 6 > 3 5 6  I CAPF*86Z.C7 
C A P X * 5 0 . > 4 1 6  '3 C A P I ~ - D . G 9 1 8 3 9 5  I r 1 = 0 . 0 7 3 ~ ~ 7  0 A 2 * - 3 . 1 2 6 7 5 9  
@ 2 = 1 . 3 1 b 5 2 3 k - 0 3  5 C 2 = - 3 5 . 7 6 9 3 9 0  0 A 3 - - 0 . 0 2 5 3 4 1  I 8 3 = 4 . 8 7 5 3 2 1 E - 0 5  
C 3 = 1 . 2 2 0 3 0 7  A 4 = 1 . 6 d 7 2 7 7 E - 0 3  I 8 4 ~ - l . U 3 5 0 6 2 € - 0 t  
A :=- i .358930E-05 S 8 5 = 2 . 4 4 8 3 0 3 E - 0 9  3 C 5 ' - 1 . 4 7 8 3 7 9 E - 0 4  
A h = l . U 5 7 5 0 4 t + 0 8  % d b = - Y . 4 7 2 1 0 3 E t 0 4  S K = . J 0 5 3 U b  I ALPHA*-5dO.O 
S b = O . G 0 1 9 4  J SAA=O.O23U15 3 S88=2.79 ! !823E-34 t SCm-2.1L3734E-07 
S D * S . 9 J C 1 8 E - 1 1  $ S F = - 3 3 6 * 8 C 7 3 3 0  3 P C n 9 t . 3 2 6  0 T C s 6 5 4 . 6 7  
VC-O.45e38 I EM=137.3u I F T = Z Q 1 . 6 7  4 C T = 1 9 6 0 . 0  
CR10.8.5 
L O  1 5 2  I a l s 9 3  
N C S - I  
CFAB=CRAB+.2 
S T A B ( I ) = C R A B  
I F ( S T A a ( I I . E O . 1 5 . 5 )  GU T O  1 6 3  
1 5 0  CONTINUE 
1 6 J  kCTUKN 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C F2EON 1 2  ( C C L Z F Z )  I N P J T  CONSTANTS 
C REF€RENCE - R E F R i b t K A T I N G  ENGIYEERING VOL. 03, P G  31, S E P T .  6 5  
C AN0 FREON PRJOdCTS u U L L E T I N  3 T - 2 1  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 0  VIGX.05 S C A P A = 3 9 * d d 3 8 1 7 2 7  I C A P B = - 3 4 3 6 . 6 3 2 2 2 8  0 C A P C = - 1 2 . 4 7 1 5 2 2 2 8  
C A P D = G . G 5 4 ? 3 J 4 4 2 C 4 2  
C A P X = 3 9 . > 5 6 5 5 i Z Z  S ~ A P Y = - 0 . 0 1 6 5 3 7 9 3 6 1  3 R = 0 . > 8 8 7 3 4  
6 2 = - 3 . 4 6 9 7 2 7 1 3 4  5 d 2 = 0 . 0 0 1 5 9 4 3 4 8 4 8  S C 2 ' - 5 6 . 7 5 2 7 6 7 1  
A 4 = - 0 . 0 0 0 5 4 8 7 3 7 9 0 7  S d 5 * 3 . 4 6 8 3 3 4 E - 0 9  I C5. -2 .54390678E-05 
K = . 0 0 7 8 9 7  S 5 8 ~ 0 . 0 0 6 5 0 9 3 9 8 6  I j A A - 0 . 0 0 6 0 9 4 5  S S 8 8 = 0 . 0 0 0 3 3 2 6 6 2  
SC*-2.413896.E-O? 5 S O = 6 . 7 2 3 6 3 E - 1 1  I PC.596.9 S TC.693.30 
V C = 0 . 0 2 8 7 0  P t ? ( = l Z J . 9 3  I F T - 2 0 7 . 6 7  0 C T = 1 0 6 0 . 0  
CUAi3mt.5 
D O  2 5 0  111.99 
N O S = I  
CRAB=CRABt .  5 
S T A B  ( I  )=CRAB 
I F ( S T A B ( I ) . E 2 . l b . 5 )  "0 T O  260 
~ 3 = 0 . 0 t . o ~ 3 9 4 4 b > 4  i a 3 = - 1 . 8 7 9 6 1 8 ~ 3 1 ~ - 3 5  I C 3 = 1 . 3 1 1 3 9 9 0 8 4  
2 5 0  CClkTINUE 
2 6 0  RETURN 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C FUEON 1 3  ( C C L F 3 )  IMPUT CONSTANTS 
C * *+** * * * * *  h O T E  : A T  T H I S  T I M E  E R R O R S  E A I S T  I N  THE CONSTANTS 
C AND T H I S  FREON C A Y  NOT BE SELECTED - PLEASE REFER T i l  THE B U L L E T I N  
C SHOYN FOR THE A V A I L A B L t  THEII'~OOYNANIC DATA. ********** 
C REFERENCE - EO. UF S T A T E #  OR. J. J .  PIARTINt  U N I V .  OF M I C H I G A N  
C A h D  FHEOh PKJDUCTS B U L L E T I N  X-95. V A P O R  PRESSURE AND HEAT 
C CAPACITY, 1NOUSTR.IAL C ENGINEERING C'iENISTRY VOL.44, P G  108,  
C JAN. 1 9 5 2  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
300 V I G * . 0 2 7 8  S C A P A = 2 5 . 9 6 7 9 7 4 9 8  S C A P 0 * - 2 4 0 9 . 5 3 8 2 1 7  I C A P C g - 7 . 1 7 2 3 4 3 9  
C A P D = 0 . 0 0 2 5 4 5 1 5 3 9 8  S CAPE= 0 . 2 8 0 3 0 1 0 9 1 3  S CAPF-546.0  S CAPX.23.911 
CAPY=-O.O5b76 S i t = 0 . 1 0 2 7 2 0  S A 2 * - 3 , 0 8 3 4 1 7  S 82.2 .3416595E-3  
C 2 = - 1 8 . 2 1 2 6 4 3  S A 3 * - 0 . 0 5 8 8 5 4  S 8 3 = 5 . 6 7 1 2 6 8 € - 0 5  J C3.0.571958 
A 4 ~ 1 . 0 2 6 0 6 1 E - 0 3  S 84.-1.338679E-06 I A 5 1 - 5 . 2 9 0 6 4 9 E - 0 6  
0 5 = 7 . 3 9 5 1 1 1 € - 0 9  I C5.-3.074233E-05 I A b * ? . 3 7 8 6 0 1 E + 0 7  
8 6 1 - 7 . 4 3 5 5 6 5 E t O 4  J K = . 0 0 7 3 5 8 3 5  I ALPHA*-625.0  S 5 8 = 0 . 0 0 4 8  
SAA.0.01602 I SBd.Z.823E-04 S SC*-1 .159E-07 S PC.561.3 
T C 1 5 4 3 . 6  I VC.0.0277239 I EN.lO4.47 S FT.165.67 S C T = 1 0 6 0 .  
360 RETURN 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C FREON 1 3 8 1  ( C B R F 3 )  I N P U T  CONSTANTS 
C REFERENCE - FREJN PRODUCTS B U L L E T I N  X-65 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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1 1 5  
1 2 6  
1 2 5  
1 3 0  
1 3 5  
1 4 0  
1 4 5  
1 5 0  
1 5 5  
160 
1 6 2  
17c 
175  
l a c  
185 
1 9 b  
32 
4 0 0  VIG=.05 S R = . 0 7 2 0 5 6 5  S PC.575.0 J TC= 612.6  S V C = 0 . 0 2 1 5 0  
E f l=148 .93  S FT.190.0 S C T = 1 0 6 0 . 0  
CAPB.1 . O  
CRAE=4.00 
D O  4 5 0  1 9 1 9 9 9  
NOS.1 
C R A  B=CRAB+.. 5 
S T A E ( I I = C R A B  
I F ~ S T A R ~ I I ~ E P ~ l Z ~ 5 0 1  GO TO 460 
4 5 0  CONTINUE 
460 RETURN 
c +++++++++++++++++++++~++++*++++++++*++++++++++++++++++*+++++++++++++++ 
C FREDN 1 4  l C F 4 )  I Y P U T  CGNSTANTS 
C REFERENCE - DR.  J .  J .  h A R T I N 9  UNIV.  OF M I C H I G A N  
c +++++++++*++++++*+++++++++++++++++++++++++++++++++++++++*+++++++*++++* 
' 5 0 0  V I G = . O 3 2 9 9 8  J C A P A = 2 0 . 7 1 5 4 5 3 9 9  3 C A P a = - 2 4 6 7 . 5 0 5 2 8 5  , 
C A P C = - 4 . 6 9 0 1 7 3 2 5  S C A P D = G . 0 0 0 6 4 7 9 8 0 7 6  S C A P E = 0 . 7 7 0 7 0 7 7 9 5  
CAPF.424.J S C A P X = 8 6 . 1 G 2 1 6 2  S C A P Y = 0 . 3 6 1 7 2 5 2 8  
R = 0 . 1 2 1 9 3 3 b  S A 2 = - 2 . 1 6 2 9 5 9  S 8 2 = 2 . 1 3 5 1 1 4 € - 0 3  
C Z = - l b . 9 4 1 1 3 1  i A 3 = 4 . 4 0 4 0 5 7 E - 0 3  S 8 3 = 1 . 2 d 2 8 1 8 E - 0 5  
C3.0.539776 3 A 4 = 1 . 9 L 1 0 7 2 E - 0 4  S B4=-3 .91B263E-C7 
A 5 = - 4 . 4 8 1 0 4 9 € - 0 4  J 6 5 - 9 . 0 6 2 3 1 8 E - 0 9  S C 5 = - 4 . 8 3 6 6 7 8 E - 0 5  
A b = 5 . 8 3 b d 2 3 € + 0 7  I d 6 * - 9 . 2 6 3 9 2 3 E + 0 4  S K s . 3 0 9 7 6 8  
A L P t i A = - b 6 1 . 1 9 9 9 9 7  3 SO=0.0015 S S A A = 3 . 0 0 5 5 9 2 S Z E - 0 2  
5 3 8 = 2 . 3 7 0 4 3 3 5 2 E - 0 4  3 S C = - 2 . 8 5 6 6 0 0 7 7 E - 0 8  J S O = - 2 . 9 5 3 3 8 8 0 6 E - l 1  
P C a 5 4 3 . 1 6  S T C - 4 0 9 . 5 0  I VC=O.O2560163 S EM=dS.Ol  
F T = l 6 0 . 6 7  S CT=lUbO.O 
CRAB.23.5 
GO 5 5 0  1.1999 
N O S =  I 
CRAB*CRA8+.5 
S T A B ( I l = C Q A B  
I F ( S T A B ( I I . t ? . C 0 . 5 1  G O  T O  5 6 0  
5 5 3  C O N T I N U t  
5 6 0  RETURK 
c *+**+*++*+++**+++*++*++++++++++*+++++++*+++*++++++++++++*+++++++++++++ 
C F P E O k  2 1  ( C H C L 2 F l  I d P U T  CONSTANTS 
C P t F t R t N C t  - F R t S N  t'dOOUCTS B U L L E l I N  1-21 
c +*+++++++*++++*++*******+**+++++++*++++*++++++++*+++++++++++++++++++++ 
6 0 C  
650 
66b 
c * * * * *+* *+*+*+*~*+* *+* * * * *+*++*+*++*+*++++++*++++++++*+++++**++* *+* * *+*+  
C F Y E O l v  2 2  ( C H i L F Z )  I N P U T  CONiTANTS 
C * * * * * *+*+*  k O T E  : A T  T H I S  T I M E  E R R O R S  E X I S T  I N  THE CJNSTANTS 
C AN0 I H I S  FREJN! C A L j  NUT B E  S E 4 E C T E D  - PLEASE REFER T O  T Y E  B U L L E T I N  
C SHOWN FOR THE A V A i L A S L k  TtiE<tlUDYNAMIC DATA. *++* * *+* * *  
C W E F t K t N C E  - F V k J N  PRODUCTS B U L L E T I N  T - 2 2  
c +**+**+*+****+*+*******+++++++*+**+++++++++++*+++++++++++**++*++++++++ 
7 6 0  VIG* .O6 I C A P A s 2 9 . 3 5 7 5 4 4 5 3  I C A P B = - 3 8 4 5 . 1 9 3 1 5 2  S C A P C = - 7 . 8 6 1 0 3 1 2 2  
C A P D = C . C 3 2 i P C J 3 Y 5 4 4  I C A F E * 0 . 4 4 5 7 4 6 7 0 3  3 C A P F s 6 8 6 . 1  
C A P X = t 2 , 4 0 C 9  0 C A P Y = - 0 . 0 4 5 3 3 3 5  S 9 = 0 . 1 2 4 0 9 8  1 A 2 * - 4 . 3 5 3 5 4 7  
R 2 * 0 . 0 0 2 4 2 7 2 7 2  3 C 2 = - 4 4 . C 6 6 8 6 8  0 A3.-0.017464 B B 3 = 7 . 6 2 1 8 9 E - 5 5  
C 3 * 1 . + 9 3 7 6 3  3 A 4 = L j . 0 0 2 3 1 0 1 4 2  S B 4 ~ - 3 . 6 0 5 7 2 3 E - 0 6  
A 5 9 - 3 . 7 2 4 0 4 4 ~ - 0 5  B 0 5 = 5 . 3 5 5 4 6 5 E - 0 8  S C 5 = - 1 . 8 4 5 L 5 1 E - 0 4  
A t = 1 . 3 6 3 3 8 7 t + O d  d 8 6 = - 1 . 6 7 2 6 1 2 E + 0 5  5 K = . 3 0 6 3 2 0 5 4  I ALPHA=-548.2  
SE=O.O@Z B S A A + 3 . U 2 U l Z b 3 6  S SaB=Z.225408E-G4 S S C = - 6 . 5 0 9 6 0 7 E - 3 8  
SF.257.341 S PC=721 .9L j t  S TC.t.64.50 3 V C = 0 . 0 3 0 > 2 5  S EY=d6.48 
F T - 2 3 3 . 6 7  $ C T = I O t O . O  
PtTUk1.r 
r- +**l**++f****+***+IC***+*********+**+*++**++++++++*+**+**+****+*++++** 
c F s t U N  2 3  ( C H F 3 )  INPUT CONSTAYTS 
C R t F t R E V C E  - A .  I .  CH. t. JOUPNAL YDL. 5 ,  P G  125,  ?(kACH 1 9 5 9  
c + * * * * * + * * + * * + * + + * + + + * ~ * * * + * * * + * + + + + + + + + * + * + + + + * + + + * * + + + + * * + * + * + + + * + * * +  
800 V I G = . @ b  S C b ? 4 * 3 2 0 . 3 0 8 5 3  I C h ? B = - 7 9 5 2 . 7 6 9 1 3  3 C A P C = - 1 4 4 . 5 1 4 2 3 3 4  
-- 
A P P E N D I X  A 
-dp 
C A P O = 0 . 2 4 2 1 1 5 0 1 8 2  S C A P H = - 2 . 1 2 8 0 6 6 5 2 4 E - 0 4  S C A P L - 9 . 4 3 4 9 5 5 4 2 E - 0 8  
CAPX=41.569 S CAPY.-.25603 
1 9 5  
200 
205 
2 1 0  
2 1 5  
2 2 0  
2 2 s  




2 5 6  
2 5 5  
260 
265 
R = 0 . 1 5 3 2 7 0  S A 2 = - 5 . 0 1 6 0 5 3 0 2 8  S 8 2 * 3 . 1 0 5 1 6 2 4 8 E - 0 3  
C Z = - 1 . 3 0 8 7 0 3 3 0 5 E t 0 2  S & 3 = 9 . 7 8 1 8 9 9 0 5 7 E - 0 2  S 6 3 ~ - 3 . 8 0 6 1 3 6 6 4 E - 0 5  
C3.3 .53359637 L A 4 * - 1 . 0 9 4 5 1 7 2 8 1 E - 0 3  S 6 5 * 1 . 1 1 2 3 6 6 3 8 7 E - 0 8  
C 5 = - 1 . 8 2 4 6 9 1 4 6 € - 0 4  
K 1 . 0 1 0 2 1 6 7 8  
S B = 0 . 0 0 1 2 5  S S A A = 0 . 0 7 6 2 8 0 8 7  S S 8 8 * - 7 . 5 6 1 8 0 5 E - 0 6  
S C = 3 . 9 0 6 5 6 9 6 E - 0 7  S SO=-2.454905E-10 S PC-701.42  S TC.538.33 




S T A B ( I ) = C R A B  
I F ( S T A B I I ) . E P . 2 4 . 5 0 )  GO TO 860 1 
DO 8 5 0  1 1 1 1 9 9  
850  CONTINUE 
860 RETURN 
c +++*++*++*++++*++++*+++++*+*+++*++*++*++++++++++++++++*+*+*+*++++++*+* 
C FREON 1 1 3  ( C C L Z F C C L F Z )  I N P U T  CONSTANTS 
C AN0 FREON PRODUCTS B U L L E T I N  T-113A 
c +++*+*+*++++++*+*++++++++++++++*++++++++*+++*++++***++++++++++++*+++*+ 
C R E F E R E N C E  - I. t t c .  v u .  32, PG 4 ~ 7 , 6 9 8 , 9 7 6  , APRIL-JULY 1 9 4 0  
9 0 0  V I G 1 . 6 0  S CAPAm33.0655 S CAPB*-4330.98  S CAPCm-9.2635. 
C A P D - O a C 0 2 0 5 3 9  I CAPX=Z5.198 S CAPYm-0.40552 S R = 0 . 0 5 7 2 8  
A2.-4.935 I 82=3.002618 S A3=-0 ;0214 S 8 3 = 0 . 0 0 0 0 5 0 0  
SAAm0.07963 S S B B ~ O . 0 0 0 1 1 5 9  0 PC=71.07 S T C a 6 7 9 . 6 7  I VC=O.4827 
EH.lB7.39 S F T 1 4 8 3 . 6 7  S C T = 1 0 6 0 . 0  
PSTOP=1.60 
CRAB.7.5 
h O S = I  
CRAB=CRA8+.5 
S T A B 1 I ) S C S A B  
I F ( S T A B ( I ) . E Q . 1 3 . 0 3 )  G O  T O  9 6 0  
00 9 5 0  I l l s 9 9  
9 5 0  CONTINUE 
9 6 0  R t T U R N  
c *++*+*+++*++++*++**++++++*+++++++++*++++++++++*+++++**++++++++++++++*+ 
C FREON 1 1 4  ( C C L F L C C L F Z I  I N P U T  CONSTANTS 
C PtFEKENCE - JOURlvAL OF CHEN- 6 ENG. 3ATA VOL. 5 1  P G  3341 JULY 
C 1 9 6 0  
c ++* * * *++++*++*+++**++++*+*+++++**+*+++*++++**++*+*++++*+++*+++~*++*+*+  
l O O C  VIG=iCl .C I C I P A = L 7 . 0 7 1 3 0 t  I C A P B = - 5 1 1 3 . 7 0 L l  5 C A P C = - t . 3 0 8 6 7 6 1  
C A P O = 6 . 9 1 3 0 0 3 E - 0 4  I C A P E = 0 . 7 3 1 4 2 1 1 1 0 3 2  S C A P F 1 7 6 8 . 3 5  
C A P X = 2 5 . 3 3 9 b b Z l l  S C A P Y = - O . 1 1 5 1 3 7 1 7 5 6  I R = U . d 6 z 7 8 0 8 0 7  
A 3 8 C . 0 3 4 0 5 5 6 8 7  J 8 3 * - 5 . 3 3 3 6 4 9 4 E - 0 6  I C 3 = 0 . 1 6 3 6 6 0 5 7  
A 4 * - 3 . 8 5 7 4 B l E - 0 4  I A 5 * 1 . 6 0 1 7 6 5 9 E - 0 6  I 8 5 * b . 2 6 2 3 3 4 1 E - l U  
C 5 = - 1 . 0 1 6 j 3 1 4 E - 0 >  I K = . 0 0 3 9 7 9 3 4  I S 8 ~ O . O J j V 1 4 9 0 7  I S A A = 0 . 0 1 7 5  
SBB=3.49E-O4 L S C = - l . L ? E - 0 7  
PC13.0.34 5 T C 5 4 3 5 . 6 7  S VC'9.733 5 E F = 1 7 6 . 9 4  3 FT.322.67 
C l = 1 0 6 0 . 0  
CQAB=6.5 
DO 1050 I = 1 , 9 5  
N U S = I  
CRAS=CkAa+.5  
S T A B l I ) = C R A B  
I F l S T A B l I ) . t O . 1 5 . C O )  40 T O  1060 
A Z = - Z . ~ B ~ ~ ~ O G  s ~ ~ = i . ~ t i 0 1 2 0 7 ~ - 0 3  s c 2 - - 6 . 5 6 4 3 0 4 9  
1 0 5 0  CONTIh i lE  
1 0 6 J  RETURN 
c ++*+*++++** *+++++++*+++**++*+*+*+* * *+* *++++*++++++**++++**+* *++++*~+*+  
C FREON 1 1 6  ( C F 3 C F 3 )  I N P U T  COYSTANTS 
C hEFERENCE - FUEJN PRJDUCTS S U L L E T I N S  1 1 6  AN0 X - B B B 2  
c +++* * * * *+*++++++*++* * *+*+*+*+*+* *+*++*++*+* * * *++* *+++++*+* *+++++++++++  
1 1 0 0  V I G = 1 . 1 0 0 0 0 4  i R l . 9 7 7 7 5 5 4  8 PC133.9433 $ T C = 3 8 1 . 6 7  $ VS=.d1309 
EM=lBb.OZ J F T 1 3 r 0 . 9  5 CT= l i )60 .0  
CAPA=l .C 
C F A B = 4 . 5 0  
G O  1 1 5 0  1 1 1 ~ 9 9  
Kos=I 
CPAB=CRAB+.5 
S T A a l I ) = C 2 A B  
I F ( S T A B l I ) . € d . 1 6 . 5 J )  G U  T J  1 1 6 0  
1 1 5 0  C 2 N T I N U E  
l l t u  P i T U R N  
c * * * * * * * * * + + + * * * * + * * * Y t t * t t l + t t * * * + * + * + * + * * + * * + + t * * + * + * ~ + + + * * + + + * + * * * + + + + + +  
33 
APPENDIX A 
C FREON C 3 1 0  ( C - C 4 F B I  I N P U T  CONSTANTS 
C REFERENCE - JOURNAL OF CHEM. E. ENG. DATA VOL. 7 1  PG 60, JAN 1 9 6 2  
c +++++++++++++++++++++*+++++++++++++**+++++**+*++**++++**+++*++*++**++* 
1 2 0 0  VIG=.OB I C A P A = 1 5 . 6 3 4 2  I CAPB=-4301.063 i C A P C = - 2 . 1 2 8 4 0 1  
CAPO=-0.00119759 I C A P E = 0 . 6 6 2 5 B 9 0  I CAPF-714.0  
C A P X = 1 2 . 1 9 2 1 4 2 4 2  I C A P Y = - 0 . 1 6 0 2 8 8 7 0 7 9  I d = 0 . 0 5 3 6 4 5 6 9 7 9 5  
4 2 9 - 1 . 8 9 4 7 3 7 4  I 8 2 * 9 . 8 4 0 4 7 4 5 E - 0 4  I C Z = - 2 8 . 5 4 2 1 5 6  
A3.0 .026479092 I 8 3 - - 6 . 0 6 2 1 0 1 E - 0 6  I C3.0.663U4636 
1 4 = - 2 . 5 4 6 5 2 3 4 € - 0 4  I A 5 = 6 . 0 8 8 7 0 8 6 E - 0 7  I 0 5 = 8 . 2 6 9 6 3 4 E - 1 0  
C 5 a - 3 . 8 4 9 1 4 5 E - 0 5  I K = . 0 0 7 1 5 0 3 1  I S B ~ 0 . 0 0 6 0 1 1 4 1 6 5  
S A A - 0 . 0 2 2 5 1 7 8 1 5 7 3  S 5 8 0 - 3 . 6 9 9 0 7 8 1 4 1 E - 0 4  
S C = - 1 . 6 4 8 4 2 5 2 2 4 E - 0 7  I S D = 2 . 1 5 2 7 8 0 8 4 6 E - l l  I P C - 3 1 2 . 1 9 5  
TC.671.1 I VC=.0630 I EM'200.04 I F T - 4 1 7 . 1 7  I C T = l O 6 0 . 0  
PSTOP=.80 
CRAB.5.5 
0 0  1 2 5 0  1.1199 
N O S - I  
CRAB=CRA8+.5 
S T A B ( I l - C R A B  
I F ( S T A 0 l I l ~ k P . 1 4 ~ 0 0 1  G O  TO 1 2 6 0  
1 2 5 0  CONTINUE 
1 2 6 0  RETURN 
END 
SUBROUTINE G L I N E  
c +*++*****++*+++*++*******++*+***++++*++*++*+*+*+**+*+**+++**+*++*+++++ 
c **++**++**++++++++++*+**++*++++***+++**++++++*++*+*+++*+*+++*++++*++++ 
C SUBROUTINE G L I N E  COMPUTES L I N E S  OF CONSTANT G, I S E N T R O P I C  
C EXPANSION EXPONENT 
D I M E N S I O N  T T A 8 ( 9 9 1 ~ V T A 8 ( 9 9 1 ~ S T A 8 ( 9 9 1 ~ Z T A 8 ( 9 9 1 ~ A T A 0 ~ 9 9 ~  
COMMON 
CONMON 
COMMON C V , P P T r P P V , N A M E , N A M E l t N I n E Z  
COMMON NOT,TTAB,NOV, V T A ~ , N O S , S T A B I N O Z , Z T A B , N O A ,  ATA0,VIG 
COMMON V G ~ Z l ~ A G ~ 2 l ~ S G ~ 2 l ~ Z G ~ Z l ~ P G ~ 2 l ~ V G N ~ I ~ N ~ J J ~ G G ~ 2 l ~ A S ~ ~ A I ~ S l ~ Z I  
COMMON PS,NNp XPLOT ( 9 9  1,  YPLOT ( 9 9 )  v G I ,  GTAB( 9 9 1  t NOGt G 
COMMON C A P A ~ C A P B , C A P C , C A P D P C A P E , C A P F ~ C A P G ~ C A P H , C A P L , E R R  
COMMON A E I I A L P H I , A V I , A Z , A ~ ~ A ~ , A ~ , A ~ , ~ Z ,  02T,B3,03T, 8 4 , 0 4 1 .  
JA6OA,SUM160, PC, VC, EM, U N I  0 s  FT,CT, PSTOPt  PLOTOUT 
SUM161, SUM162, SUM163r  SUM164t  SUM165r  SUM166, CAPY,CAPX, TC 
1 8 4 T 4 , 8 5 1  B5Tp06,  06T,CZ, CZE, C39 C~EIC~,C~E,EAVI ,EMKTI ,  
2H,J, J 0 6 0 A s J K s  JR,JVI, J2, J4, K, K T I t  O V I  0,0VIB2,OVIB31 OVIB4, O V I  8 5 1  P t  
3 R , R T I , S , S A A r S B ~ S B 0 , S C , S O ~ S F ~ S U M l O ~ S U M l l , S U M 2 ~ S U M 3 ~ S U M 3 3 ~ S U H 3 4 ~  
4 S U M 3 5 ~ S U M 4 ~ S U M 5 ~ S U M 6 ~ S U N 9 ~ T I ~ T I Z ~ T I 3 ~ T I 4 ~ V I ~ V I M 0 ~ V I M B 2 ~ V I M B 2 Z  
COMMON VIM06,OVI06,SUM36,SUM37,SUM3B,SUM39,  SUM40,SUM41,SUM42, 
1 S U M 4 3 r  V I  2s J V I  2, AI Z, VIMB3, V I M 8 3 3 5  V I  M84, V I  MB44, V I  M05, V I M 8 5 5  
REAL K P K T I , J I J V I , J ~ ~ ~ A ,  JZ9J4,JK.  J R P J V I Z P J A ~ O A  
G I = G T A B ( I l  
4 4  
7 1  
7 2  
4 3  
4 6  
4 5  
7 0  
2 
00 2 N ' l j N O V  
V I - V T A B ( N 1  
CALL VVAR 
JJ.1 
T I = V G ( J J  I 
CALL TVAR 
CALL GOTV 
G G ( J J 1 - G  
I F ( A B S ( G G ( J J  I - G I  l - E R R + G I l 7 0 ~  7 1  
I F  ( J  J - l l 7 2 , 7 2 , 4 3  
J J - 2  _ _  -
V G ( 2 l = V G ( 1 ) + 1 . 0 1  
GO TO 4 4  
V G N = ~ ~ V G ~ Z l - V G ~ 1 l l / ~ G G ~ 2 l - G G ~ 1  
l + ( G I - G G (  1 1  I +VG( 1 1  
I F ( V G N 1 4 6 ~ 4 6 ~ 4 5  
VGN= . 5 + V G ( 2 1  
G G ( l I - G G ( Z 1  
V G ( l I - V G ( Z 1  
V G ( 2 l - V G N  





7 1  












SUBROUTINE G L I N E T  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C SUBROUTINE G L I N E T  I S  USED TO COMPUTE L I N E S  OF CONSTANT 6, 
C I S E N T R O P I C  EXPANSION iXPONENT 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
J A 6 0 A p  SUq160,  PC, VC, EM, UNIO, FT, C 1, PSTJP, PLOTOUT 
D I M E N S I O N  T T A B ( 9 9 ) , V T A B ( 9 9 ) ~ S T A B ~ 9 9 ) , Z T A B ~ 9 9 l ~ A T A B ~ 9 9 ~  
COMMON 
COMMON S U M l 6 l , S U M l 6 2 ~ S U M 1 6 3 ~ S U M l 6 4 ~ S U M l 6 5 ~ S U M l 6 6 ~ C A P Y ~ C A P X ~ T C  
COMMON CV, PPT,PPV,NAME, NAHE1,NAHEZ 
COMMON N O T , i T A S , N O V ~ V T A B ~ N O S ~ S T A B ~ N O Z ~ Z T A B ~ N O A ~ A T A ~ ~ V I G  
COMMON V G ( 2 ) ~ A G ( 2 ) , S G ( 2 ) ~ Z G ~ 2 ) , P G ~ 2 ~ ~ V G N ~ I ~ N ~ J J ~ G G ~ Z ~ ~ A S ~ , A I ~ S I , Z I  
COMMON PSINNI X P L i l T ( 9 9 )  r Y  P L O T (  99 )  ,GI,GTAB(P9),NOG,G 
COMMON C A P A , C A P ~ , C A P C , C A P D , C A P E P C A P F # C A P G # C A P H P C A P L P E R R  
COMRJN A i  I,ALPHA,AVI, A Z , A ~ , A ~ , A ~ , A ~ , O ~ , B Z T J ~ ~ , B ~ T , B ~ , ~ ~ T ,  
1 B 4 T 4 , a 5 , B 5 T , 8 6 , B 6 T ~ C Z , C 2 E ~ C 3 ~ C 3 E ~ C 5 ~ C 5 E ~ t A V I , E H K T I ~  
ZHs J, JBbOA, JK, J R J  J V I J  52, J 4 ~ K ~ K T I ~ O V I B ~ O V I B 2 r O V I B 3 , O V I B 4 , O V I B 5 ~ P ,  
~ R # R T I P S , S A A , S ~ ~  St)B,SC, S O P S F ,  SUMlO, S U H l l ,  SUMZPSUM~, SUM33rSUM34r  
4SUM35, SUM49 SUM59 511.169 SUH9, T I ,  T I 2 9  T I 3 r  T 1 4 8  VI ,  VIMB, VIMBZ, V I M B 2 2  
COMMON V I M B h ~ O V I B 6 ~ S U M 3 6 ~ S U M 3 7 , S U M 3 B ~ S U M 3 9 ~ S U M 4 D ~ S U M 4 l , S U M 4 2 ~  
1 S U R 4 3 ~ V I 2 ~ J V I 2 ~ 4 ~ Z ~ V I H B 3 ~ V I ~ ¶ 3 3 ~ V I M B 4 ~ V I M B 4 4 ~ V I M B 5 ~ V I M B 5 ~  
h E A L  U ~ K T I , J , J V I , J d 6 0 A , J 2 ~ J 4 ~ J K * J R ~ J V I 2 ~ J A 6 O A  
D O  2 N=l,YOT 
T I I T T A B ( N )  
C A L L  TVAR 
JJ.1 
44 V I = V G ( J J )  
CALL VVAR 
C A L L  GOTV 
GGI J J ) = G  
I F ( A B S ( G G ( J J ) - G I ) - E ~ I ( + G 1 ) 7 0 , 7 1 , 7 1  
G I = G T A B I I )  
7 1  I F  I J J - 1 )  72,72,43 
7 2  JJ.2 
V G ( Z ) = V G ( l ) + l . O l  
GD T O  44 
43 V G I v = ( ( V G 1 2 ) - V i ( l ) ) / ( G G ( Z ) - G G ( 1 ) ) )  
l + ( G I - G G ( l I ) + V G ( l )  
I F  (VGN 140,469 45 
46 VGN=.5+VG(Z) 
45 G G ( l I - G G ( 2 )  
V G ( l ) = V G L Z I  
V b ( 2  ) = V v d  
GO TO 44 
70 C A L L  I’HOTV 
2 C J N T I N U E  
FtTUiclu 
E N D  
SUBROUTINE GOTV 
c * * * * * * * * * * *+++* *+* * * *+*+*+*+$+++*++++*++++++*+++*+*++++*+++*++++++++++  
c + + * * + + + + * * + + + * * + + * + * + + * + + * * + + + + + + + + * + + + + + + + + + + + + + + + * + * + + + * + + + + * + + + + + + +  
C SLBROUTINE GOTV COYPUTES G=FIT,V) ,  ISENTI (JP1C EXPONtNT AS A 
C FUNCTION O F  T AND V 
D I M E I v S I O N  T T 4 B ( 9 Y ) , V T A 6 ( 9 9 ) , S T A d ( 9 9 ) , ~ T A a ( 9 9 ) r A T A B l 9 9 )  
COMMUN J A ~ O A I S U M ~ ~ J ,  P C , V C , E V s U N I O , F T s C T ~ P S T O P I P L O T O U T  
CUMf4ON S U M l t l , S U M 1 ~ 2 , S U M 1 6 3 , S U ~ l 6 4 ~ S ~ M l 6 5 , S U M l 6 6 ~ C A P Y ~ C A P X ~ T C  
CbflhON C V I P P T , P P V , N A M E , N A M E ~ , ~ A ~ E ~  





CdMflUN P S ~ N N ~ X ? L O T ~ ~ ~ ) ~ Y P L O T ( ~ ~ ) ~ G I ~ G T A B ( Y ~ ) ~ " G P G  
COMMON C A P A ~ C A ? ~ P C A P C B C A P O ~ C A P E , C A P F , C A P S , C I P H , C A P L ~ E R R  
CGMflOk 
V G 1 2 ) t  A G ( 2 )  t S G (  2 ) ,ZGlZ ),PG(2I,VGN,I9N, JJY G G I Z  J,ASO9AI,SI, 21 
~EI ,ALPHAIAVI ,A~ ,  431 A4,A5,Ab,BZp B 2 T 9  8 3 9  9 3 T 9 8 4 9  B 4 T j  
164T4,B 5, 8 5 T 1  B b r  dbT,CZ> CZE, C 3 9  C 3E J C 5 9 C  5 E t  E A V I  P E M  K T I  J 
? H t  J, J 8 6 O A j  JK, JR, JVI ,  J2, J 4 t K 9 K T I 9  OVIB,  O W I 8 2 , O W I b 3 , O V I 8 4 ~ O V I 8 5 ~ P ~  
3 ~ , ~ T I ~ S ~ S A A ~ S a t S d J ~ S C , S D 1 S F ~ S F ~ S U ~ l O ~ S U ~ l l ~ S U M Z ~ S U M 3 ~ S U M 3 3 ~ S ~ M 3 4 ~  
4SUM35,S~n4,SU~5,SUfb, S U M 9 , T I , T I 2 , T I 3 , T I 4 ~ V I ~ V I M 8 ~ V I M E 2 ~ V I M d 2 Z  
CUMMOFI V I Y B 6 , O V I 8 6 ~ S ~ M 3 6 , S U ~ 3 7 ~ S U M 3 b ~ S U M 3 9 ~ S U ~ 4 O ~ S U M 4 l ~ S U ~ 4 ~ ~  
REAL K , K T I , J , J V I , J J ~ O A , J ~ ~ J ~ , J ~ , J ~ , J R , J V I Z , J A ~ O A  
2L. l S U M 4 3 ~ V I 2 , J V I 2 ~ A i Z ~ V I M B 3 , V I n s 4 , V I M 5 4 4 ~ V I M B 5 ~ V I H ~ ~ ~  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C C L F 6  CHECK 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 5  C 
I F  1CAPA.tO.l.O) u d  T U  1COO 
30 
3 5  
40 
4 5  
50  
5 5  
6 0  
65 
70 
7 5  
80 
L 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C CBRF3 C H i C K  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 6 = F l T , V l  FOR CBRF3 ONLY 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IF lCAPa.YE.1 .G l  bO T O  20CO 
b I 3 = V I 2 * V I  
V 1 4 = V I 2 * V I 2  
V I 5 = V I 2 * V I 3  
P ~ - 2 ~ 4 9 5 9 7 / V I 2 + ~ ~ 0 2 7 4 ~ 5 8 / V 1 3 - 0 . 0 0 0 1 7 8 9 4 / V 1 4  
i+TI*(0.072047/VI+O.OO2l9t.l7/VIZ-O.O~OO2~7~7/VI3 
2+L.G5~0C0Z155/WI*~-(5.877E6/VI2-2.6l7E3/VI4~/TI3 
i l V I 3 * T I 4 ) + 4 ~ G 0 4 0 / d 5 t - 4 / V I - 4 . 5 8 6 9 O 8 7 E - 6 / V I 2 ~ 3 ~ 9 b 7 8 9 Z 2 ~ - ~ / V I 3  
1~(3./TI41*(5.d77C6/~12-~.617€3/VI~) 
CV~O.C175~1.34E-4*TI-B~~4997E-8+TIZ+l~63l3E7/~VI*TI4~-3.3d~986E3/ 
P ? T ~ 0 ~ 0 7 2 0 4 7 / V I + 0 ~ 0 0 2 1 Y b 1 7 / W I Z ~ O ~ O O G 0 Z 4 7 ~ 7 / W I 3 + O ~ O O O G O G 2 l 5 5 / V l 4  
P P V ~ ~ ~ ~ 2 ~ * 2 ~ 4 9 Y 9 7 ~ / V I 3 ~ ( 3 . + . 0 2 7 4 5 5 8 ) I v I 4 t 1 4 ~ * ~ ~ 0 0 1 7 ~ 9 4 ~ / V 1 5  
8 E T A = . 0 0 8 Z 2 3 6 8 1 5 5 3  
A L P = 3 8 . 2 0 2 7 6 3 4 2  
E = . 0 7 7 7 5 5 3 9 7 6 9 ,  
R T I = R * T I  
P ~ R T I / l V I - B E T A ~ ~ A L P / l V l * ~ V I + B E T A ~ * S C S T ( T I ~ l  
C V ~ ~ 0 ~ 3 7 8 7 7 5 4 3 7 + ~ 0 0 0 3 4 t 3 6 5 1 3 3 3 * ~ 1 - ~ 1 4 2 1 1 ~ 8 4 E - 0 6 * T 1 2  
1 + ~ 7 6 1 1 7 5 3 5 5 4 E ~ 1 1 * T I 3 ~ ~ 2 6 9 0 2 1 7 5 E + O 3 / T I Z + l ~ 3 ~ * J * A L P ~ /  
~ l 4 . * a E T A * T I * * 1 . 5 l l * A L O G l l V I + 3 E T A l / V I l  
PPT-R/(VI-BETA~+ALP/(Z.*VI*~VItBETAl*TI**l.5J 
. P P V ~ - R T I / l l V I - ~ E T A ) * ( V I - B E T A ~ ' ~ + l A L P * ~ Z ~ * ~ I t 8 E T A ~ ~ / ~ V  
l * ( V I + B E T A ) * T I * * . 5 )  
PPV=-PPV 
A = J V I Z * T I + P P T * * 2 / C V - V 1 2 * P P V  
G f l  T i l  7001 
2 * ( V I t E  T A I  
- - . - - - . -
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C G=F(T,Vl  FOR A L L  OTHER FREONS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2000 P - R T I * O V I ~ + S U M 2 * O W I 8 Z ~ ~ U M 3 * O V I ~ 3 t S U M 4 * O W I 8 4 + S U M 5 * O V I B 5 t S U M 6 * € A W ~  
CV=SUMl6O-SUM38*SUr436 
PPT= I R  *O~I~+SUH39*0VIBt+SUH4O*OVIB3tSUM43+SUM4l*OWIB5~ 
PPV. (RTI+OVIB2tSUM33*OVIB3+SUM34*OVIB4 
A =  J V  I Z * T  I *PPT**2 I C  V-VI Z*PPV 
ASP=A*4633 .056  
6.4 / l P * V I )  
RETURN 
E N 0  
~ t S U M 4 2 * O V I B 5 t S U M 3 5 * O ~ 1 ~ 6 - A € I * S U M 6 1  




1 5  
20 
2 5  
3 0  
3 5  
40 
4 5  
5 u  
55 
6 1. 





C SUBROUTINE PHOTV COHPUTES THE THERMODYNAHIC PROPERTIES OF THE 
C VARIOUS FREON COHPOUNDS 
c +*++++**+++++++++*+*+*+*++++**++++++++*+*+++++*+*++++++*+++++++*++++++ 
51601,  SUHL~O,PCI VC, E H t  U N I O s  FT, CTI PSTOP, PLOTOUT 
D I H E N S I O N  T T A B l 9 9 1 ~ ' V T A B l 9 9 l ~ S T A B l 9 9 l ~ Z T A E l 9 9 l ~ A T A B l 9 9 ~  
COHMON 
COMHON S U H 1 6 l ~ S U H 1 6 2 , S U M l 6 3 ~ S U H l 6 4 ~ S U M l 6 5 ~ S U M l 6 6 ~ C A P Y , C A P X , T C  
COHHON CV,PPT,PPV,NAHE,NAMEl ,NAf lEZ 
COHMON NOTITTAB, NOV, V T A B ~ N O S S  TAB,NOZp ZTABsNOA,ATAB, V I G  
COHHON VG ( 2  1, A G I Z  1,SGI 2 1,ZG 12 1 s  P G l 2 l t  VGNI I, NI JJ, G G I  2 1, A s 0 1  A I s S I s  21 
COMMON P L  NN, XPLOT I99  1, Y PLOT (991, G I p G T A B  1 9 9 l ~ N O G ,  G 
COHHON C A P A , C A P B , C A P C , C A P O , C A P E ~ C A P F ~ C A P G , C A P H , C A P L , E R R  
COHHON A E I , A L P H A , A V I , A 2 , ~ 3 , A 4 ~ A 5 ~ A 6 ~ B Z ~ E Z T ~ B 3 r B 3 T , B 4 , E 4 T ~  
1 B 4 T 4 r B 5 , a 5 T ~ B 6 , B 6 T , C 2 ~ C 2 E ~ C 3 E , C 5 , C 5 ~ C E , E A V I ~ E H K T I ~  
PH, J, J B 6 0 A e  JK, JR, J V I ,  JZ, J 4 r K ,  K T I ~ O V I B , O V I B Z ~ O V I B 3 ' ~ 0 V I B 4 , O V I B 5 ,  P, 
~ R I R T I D S , S ~ A D S B , S B B , S C D S D ~ S F ~ ~ U H ~ ~ ~ S U ~ ~ ~ ~ S U M ~ ~ S U M ~ ~ S U H ~ ~ , S U H ~ ~ ~  
4SUH35, S U M ~ P S U H ~ ~  SUM6,SUM9,TI 9 TIZ,  T I 5  T I 4 s V I 9  VIHB, VIHB2,  V I H B 2 2  
COMMON VIHB6rOVIBb,SUH36 ,SUM37,SUH3a ,SU~39 ,SUH4O,SUH4l ,SUH42 ,  
lSUH43,VI2,  J V I Z I A , Z , V I H B ~ , V I H B ~ ~ ~  V I H 8 4 ,  V I H 6 4 4 r  V IHB5 ,V IH8>5  
REAL K , K T I , J , J V I , J B 6 0 A , J Z , J 4 , J K , J R  
REAL J V I 2  
REAL JA6i)A 
COMMON P L 1 9 9 ~ ~ ~ L 1 9 9 ) ~ P U 1 9 9 1 ~ H U 1 9 9 1  
COMMON T T l 9 9 ~ ~ W T l 9 9 l , S T l 9 9 l ~ Z T ~ 9 9 ) , A T l 9 9 l ~ G T l 9 9 ~ ~ P ~ l Y 9 ~ ~ H T l 9 9 ~  
COHMON T A l 9 9 ~ ~ W A l 9 9 l ~ S A l 9 9 ~ ~ ~ A ~ 9 9 l ~ A A l 9 9 ~ ~ G A l 9 9 l ~ P A l 9 9 ~ ~ H A ~ 9 9 ~  
COHMON T L l 9 9 l ~ V L i Y J ~ ~ S L l 9 9 ~ 1 Z L ( 9 9 ) , A L ~ Y 9 1 , G L ( 9 9 ~ ~ N O L ~ T L I M  
COMMON T U l 9 9 l , W U l 9 9 ~ ~ S U l 9 9 ~ ~ ~ U ~ 9 9 ) , A U ( 9 9 ) r G U ( 9 9 ~ ~ N O U ~ T U I M  
C OM M ON / B OUND I F L A 6  OUT ,-NO€ NT 
c ******+***+**+*+*******+********+*++***+*****++*****+*++*+**++*+++*++* 
C CRRF3 CHECK 
c ++*****+***+***+**********++**+*****+*++***+**+****+*+****+**+**+***** 
IF lCAPA.NE.O.0)  G J  TO 1000 
C A L L  CBRF3 
G O  TO 2 G O 1  
c **********+**+**************t*t*************************+***++ 
C C 2 F 6  CHECK 
C~++*++*******************++*+**+++*****++++*****+*+*******+**********++ 
1000 1FlCAPB.NE.G.O) GO TO 2000 
C A L L  C 2 F 6  
GO TO 2001 
c ******+***+*+***************+*****+*+******+*+++**********+****+*+*+** 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C CONPUTATION 'JF GAS PROPERTIES P I S I H , Z , C V I C P , G A M H A ~ A , A N O  C 
2UCO P - R T I * 0 V 1 8 + S U r l 2 * 3 V I B ~ + S U M 3 * ~ V l ~ 3 t S U M 4 + O V l ~ 4 t S ~ N 5 * O V I B 5 t S U H 6 * ~ A ~ I  
S ~ S U ~ l 6 4 + S U M l b ~ t S J M l b b ~ S U H 3 6 ~ ~ A ~ Y  
H = S L ' Y l 6 l t P * J ~ I t S U k l 6 Z t S U ~ l b 3 * S U H 3 6 + C A P X  
Z = l V I * P ) / ( W T I  1 
C V - S U N l b O - j U ~ 3 ~ * S U M 3 b  
PPT. l r (  * 3 w I 9 + ~ U M 3 9 * O V I B Z t S U H 4 ~ * O W I ~ 3 t S U ~ 4 3 + S U M 4 l * O V I ~ 5 ~  
PPV. l R T I * O V I a 2 + ~ U H 3 3 * O W I a 3 + S U M 3 ~ * O V l ~ 4  
Z + S U M 4 Z * 3 V I 9 5 t ~ U ~ ~ 5 * ~ V 1 ~ 6 - A E I * S U M 6 1  
2 0 0 1  C Q N t I N U E  
C P = C V - T I * J * t ' P T * * Z / l - ? P V )  
GAM=CP/CV 
A = J V I 2 * T I + P P T * * 2 I C V + V I 2 * P P V  
ASO=A*4633 .050  
G=A / l P * W I )  
ASO=ABS(ASOI  
Tn=T I *5 . /9 .  
2 A 'SORT(AS3) 
V K = V 1 * . 0 6 2 4 2 7 9 6 2  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C CGMPUTATION J F  TRANLPOPT PQOPERTIES 
c * * *~* * * * * * * * * * * * *&* * * * * * * * * * * * * * * * * * * * * * * * * * * * *+* * * * * * *+* *+* * * *~* *+* * *  
C 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F G R  LACH FCEON CljMPOUNDt HCIWEVER INTERNALLY THE EPUATIONS H A V t  $ B t E N  PRUWIDE3 FOR FREON 12, FREON 1 3 B A r  FREON 14, AN0 FREON 116. 
C I F  A D I F F E R E N T  CUrlPOUND HAS REEN S E L E C T i O  THE USER MUST O d T A I N  
C AN0 I N P U T  THE T ~ i i  EOUATIONS OTHERYISE NO TRANSPORT PROPERTIES 
C C I L L  B E  OUTPuT. THE TwO EOUhTIONS FO< THERYAL C O N D U C T I V I T Y  AND 
C W I S C U S I T Y  CAN d i  U Y T A I h € O  FR3M P.E. L I L E Y  OF THE ThERROPHYSICAL 
C PROPERTIES R t S E A k C A  CENTER, PUROUE U N I V E R S I T Y  Ot? FROH E . I .  
C D J  PONT D E  htMOdQS t CO. 
C T ~ E S E  rwo EOUATILIPS F O R  VISCOSITY AND CONDUCTIVITY M U S T  d~ C H A N G E D  
37 
APPENDIX A 
e u  
85 
90 
9 5  
100 
1 C  5 
110 











c +*++*+*+++*++++*++l+++**+++++~+*++***+*+*++++++*++**++*+++*+++++++**+*  
C . TRANSPOKT P f l O P t f l l I E S  FOR CCL2FZ ONLY 
c ++++.+**+*+**++++++++*+*+*+++*++++++++**++++*+++++*++*+*+++++++**+**+* 
G i i  T b  I 6 9 9  5 0 9  099 b o 9 5 5 ,  b 9 9 6 9 9 6 9 9 6 9 1 6 9 1 6 5 1 6 Y 9 6 Y  ),NAME 
50 E M U = l S O f i T l T K ) / ( . 7 5 3 U 9 + i B 8 . 9 6 9 / T K - B ~ 3 . 7 8 6 / l T K + T K ~ ~ ~ + l ~ E - 6  
E K 1 = 1 2 . 3 2 2 0 + S ~ R T I T K ~ ~ / 1 7 2 7 . 5 B + 6 . 8 9 1 b 6 7 E 5 / T K t 1 . 0 0 7 6 8 3 € 6 / 1 T K * T K ~ ~  
G O  TO 6 3  
c ++++*+++*++++**++++*+++++++*+*+++++++++++++*++*++*+***++++++++++*++*++ 
C TRANSPOLT PRClPEKTlES F 3 R  C F 4  ONLY 
c +*+*++***++++*+++++++++++++*++*++++++++++++++*+++*+*+++++++++++++*++*+ 
5 3  t M ~ ~ l S O R T l T K ~ / ~ ~ b 4 b 2 5 + l O 3 . / T K - 3 . 4 ~ 7 l 4 / l T K + T ~ l ~ l * l ~ t - b  
E K 1 ~ 1 . 7 3 0 7 3 + 1 7 ~ L 9 1 E - 3 + 2 . 3 7 7 E - 5 + 1 1 9 ~ / 5 . ~ + T K - 4 5 9 ~ ~ 7 ~ ~  
G l j  TO 6 3  
c ++**+*+*+**++++++*+*+++*+++++++***+++*++*+*+++**+*+++++++++++++*+++**+ 
C TRANSPOkT P R U P E R T I i S  F O R  C B Q F 3  ONLY 
c +++++*+++++++**++++*++*++++*+++++*+**+++++*++++*+++*+*+++*++++***++++*  
60 C J N T I N U E  
E M ~ ~ ~ S ~ R T ~ T K ~ / I ~ 6 3 3 8 ~ + 1 4 4 ~ 6 9 l / T K - l 0 & 7 ~ 5 2 / I T K + T K ~ ~ ~ + l , ~ - 6  
I F  I TK-oSJ.  1 6 2 1  b l t o l  
G O  TO b 3  
6 2  E K 1 ~ 1 ~ 7 3 0 7 3 * l G ~ 3 3 4 1 + ~ ~ ~ E - 5 + l T K + l ~ 8 ~ 4 5 9 ~ 6 7 ~ ~  
6 1  E K 1 - S P R T ~ T K ~ / l ~ ~ B . 9 0 6 + 2 . l 4 3 6 3 E 5 / T ~ + l . 6 5 l l 9 E 7 / l T K * T K l +  
1 8 . 3 1 7 C l E 9 / ( T K * T ~ + T K I  I 
G O  TO 6 3  
c *+++*++*++*++**+++++++****+*++*++++++++++++*++++*+++*+**+*+*+++++++**+ 
C TPAEtiPORT P d J P E < T I E S  FOR C 2 F 6  ONLY 
c *+++++**+++*+++++++++**+*++*+#++*+++++++++*++*+*++++++*++*++***+++++** 
6 5  E M U ~ 1 r 2 ~ 7 7 ~ + S O R T 1 T K ~ - 7 B ~ 8 ~ * 1 ~ € - 0 7  
E k 1 = 9 . 5 9 1 € - 0 5 * T K - . J l l b 3  
G O  TO 63 
c +*+++**++*+++**+++*++++*++++++++++++++++***+++++++*++++++++++++***+*++ 
C TRANSPOQT P R O P t R T I E S  FER OTHER FREONS. EQUATIONS MUST BE 
C INSERTED B Y  T t i E  USER AND APPROPRIATE CHANGES SHOULD BE MADE 
C I N  THE COIPUTEO GO TO STATEMENT ABOVE 
c ++++*++++*+++*++++++*++*****+**********+*++*+*++*++++*++++****++++*+** 
63 CONTINUE 
GO TO 7 5  
IFICAPA.EP.I.O) G O  T O  70 
c +++**++++*++**+++++*+++**+++++**++++***+*+*+*+*++*+*****+**+++**+++*** 











PP=432.+. 0 6 8 0 4 5 3 6 2 9 9  
CK=527.5+5./9. 
VV= .0262+ .062427962  
GO TO 79  




X I ~ C K + + . l ~ 6 b b 6 6 7 / 1 5 P R T ( E n ) * P P * * . 6 6 6 6 6 6 6 7 ~  
RHOR=VV/VK 
E K 1 ~ E K 1 + 7 ~ l ~ E - 3 ~ l E X P l R H O R ~ - l ~ ~  
I F ( R H O R - . l 0 ) 4 6 r 4 6 9 4 3  
I F  IRHOR-• 901479 47944 
I F I R H O R - 2 . 2 1 4 a ~ 4 8 ~ 4 5  
X ~ ~ 6 4 3 9 - ~ 1 0 0 5 + R H i J K - 4 . 7 5 E - 4 + ( R H O R + * 3 - 1 0 , 6 5 ) * * 2  
ALGI=lO.**X+3. . 
ALG2=13 . * *1 -ALGl )  
EMU = l A L G 2 t X I + E M U l / X I  
GO TO 4 0  
EMU ~ l l 6 ~ 5 6 E - 8 ~ R H O R ~ * l ~ l l l + X I ~ E M U ~ / X I  
GO TO 40 
EMU ~1~607E-8*19.045*RHOR+~63~**1~739+XI+EMU~/XI 
GO T O  40  
X=.6439-.1005+RHOR 
ALGl=lO.*+X+3. 
A L G Z = l O . * * I - A L G l l  
EMU = ( A L G t + X I * E M U ) I X I  
G O  T O  40 
c +++******+*+*+*+*++**********************+******+********************* 
C I F  THE V I S C O S I T Y  AN0 THERMAL C O N D U C T I V I T Y  EQUATIONS ARE NOT I N P U T  
C FOR THE OTHER FREON COMPOUNDS THEN flu AND K ARE SET T O  ZERO ALONG 
C . U I T H  THE PRANDTL NUflBER FOR THE OUTPUT 
APPENDIX A 
155 
1 6 U  
l b 3  
1 7 C  




1 9 5  
200 
205 
c * . * * * * * * * * *+*** * *+*+*** * * * * * * * * *  
6 9  E?U=U.O 
tK1'0.O 
4 0  C ' INTINUE 
I F I E Y U . N E . C . J . A ~ ~ . E K I . K E . O . ~  
PR-C.6 
GL? T O  3 1  
3 4  P R ~ I E ~ U * C P / E K 1 1 * 4 1 3 3 . ~ 5 ~ 9 2  
3 1  COhlINUE. 
GO T O  30  
.~ 
(, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C CUTPUT U N I T  CHECK SI Ok I;S 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I F l U V 1 3 - 1 . - 1  7 , 3 s b  
C 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c S I  U N I T S  OUTPUT CJNb'EkSIONS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 OUTV=VI * .4624L7YbZ 
CUlP=P*.Ob8C45Y6EYJ 
IIJI.'.; = S * (SM/l.387) 
OUTA=A*.3048 
''YJHI L U T T - T K  = fi Q (!CY, ' j T t ) .  ) . . I Y ~ )  
G i l  T O  7 I'J ;',-:' : c p  PI . :\, " '1, 1 - 1 **************** c . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
6 t d U  L h U I 1 . 4  b 8 16 3 Y 
E & l = E K l l b Z 2 b . 4 7 7 7 4  






CUTT '1 I 
'! 7 N N m N t i + l  
I .- ',L1. ,, 
-a. t\ , . ~ L . , . E ( J . : ! . : I  XPI,OT;NN' z ()!JTkj * ; l<x '376  5433) XPLOT INN I - 0 ~ i T d  
Y P L O T ~ N N 1 = A L O G 1 O l O J ~ P l  
IF (UNIO.EP.2 .1  YPLOT(NNl=ALOG1OIOUTP*.O6~O4596299l 
. .  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C TABULA3 OUTPUT FORMAT 
c * * * * * * * * * 4 * * * * * * + * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~  
IF IFLAGOLIT.NE.1.01 RETURN 
I F  lPLOTOLIT.NE.1 I RETURN 
IF lNOENT.NE.11  G O  TO 1 
h R I T E  ( 6 9  1 0 0 1  
RETURN 
WRITE I ~ , ~ G C I O ~ J T T ~ O L I T V ~  OUTPPOUTH, OUTA, OUTCP,GAflrG, 2 
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APPENDIX A 
10 
1 5  
20 
2 5  
1 SUBROUTINE P L I N t  
c +++++++++**+++++*++++++++++++++*++++**+++*++*++++*++++*++*,*++++++*+*++ 
C SUBROUTINE P L I N E  COMPUTES THE SATURATION PRESSURE L I N E  
c +++++++++++++++++++++++++*++*+*+*+***+*++*++*++*++*+*+*+*+*****+**+*+* 
5 D I M E N S I O N  T T A B I ~ ~ ~ ~ V T A B ( ~ ~ ) ~ S T A B I ~ ~ ) D Z T A B ~ ~ ~ ) ~ A T A B I ~ ~ )  
COMMON J A ~ O A , S U ~ ~ ~ ~ ~ P C ~ V C , E M ~ U N I O ~ F T D C T , P S I O P D P L O T O U T  
COMMON S U M 1 6 1 ~ S U M l 6 2 ~ S U M 1 6 3 ~ S ~ M l 6 4 ~ S U M l 6 5 ~ S U M l 6 6 ~ C A P Y ~ C A P X ~ T C  
COMMON C V , P P T , P P V , N A M E I N A M E ~ ~ N A M E ~  
COMMON N O T ~ T T A B ~ N O V ~ V T A B ~ N D S ~ S T A B ~ N O Z ~ Z T A B ~ N O A ~ A T A B ~ V I G  
COMMON V G  12)  9 AG( 2 1,SG ( Z 1, ZGI 2 1 9  PG ( 2  ), VGN, I ,  N, J J, GG I 2  ),ASP, AIS SI ,  2 1  
COMMON PS, NNI XPLOT 199) I Y PLOT( 99 J r  GI, GTAB 199),NOG, G 
COMMON C A P A , C A P B , C A P C , C A P D , C A P E P C A P F , C I P G I C I P H P C A P L # E R R  
COMMON A E I , A L P ~ A , A V I , A ~ I A ~ ~ A ~ ~ A ~ ~ A ~ ~ B Z ~ B Z ~ , B ~ ~ B ~ T ~ B ~ ~ B ~ T ~  
1 B 4 T 4 , B 5 ~ B 5 T ~ B 6 ~ B 6 T r C Z ~ C Z E ~ C 3 ~ C 3 E ~ C 5 ~ C 5 E ~ E A V I ~ E M K T I ~  
ZH, J, JBbOA, JK, J R t  J V I ,  J2r J4,K, KTI ,  OV IB ,OVIBZ9OVIB3,  O V I B ~ ~ O V I B ~ ~ P I  
3R,RTI,S, SAA,SB,SaB,SC,SD,SF ,SUMlO,  S U H l l r S U M Z , S U M 3 , S U M 3 3 , S U n 3 C ,  
4 S U ~ 3 5 ~ S U M 4 ~ S U M 5 ~ S U M 6 r S U n 9 , T I ~ T I Z ~ T I 3 1 T I 4 ~ V I ~ V I M B ~ V I M B 2 ~ V I M B Z Z  
COMMON V I M B ~ , O V I E ~ , S U M ~ ~ , S U M ~ ~ ~ S U H ~ E D S U M ~ ~ ~ S U H ~ O ~ S U ~ ~ ~ ~ S U N ~ Z ~  
1 S U M 4 3 , V I 2 ~ J V I 2 ~ A ~ Z ~ V I M B 3 ~ V I f l B 3 3 ~ V I M B 4 ~ V I M ~ 4 4 ~ V I M B 5 ~ V I M B 5 5  
REAL 
REAL J V I Z  
REAL J A 6 0 A  
COMMON 
COHHUN T T l 9 9 1 ~ V T ~ 9 9 1 ~ S T ~ 9 9 1 ~ Z T ~ 9 9 1 ~ A T l 9 9 1 ~ G T l 9 9 1 ~ P T ~ 9 9 1 ~ H T l 9 9 1  
COMMON T A ~ 9 9 ~ ~ ~ A l 9 9 l , S A ~ 9 9 l ~ Z A ~ 9 9 l ~ A A l 9 9 l ~ G A ~ 9 9 l ~ P A ~ 9 9 l ~ ~ A ~ 9 9 ~  
COElMON T L ~ ~ ~ ~ ~ V L ~ ~ ~ ~ ~ S L I ~ ~ I ~ Z L ~ ~ ~ ~ ~ A L I ~ ~ ~ J G L ~ ~ ~ ~ ~ N O L ~ T L I ~  
COMHON T U l 9 9 l ~ V U l 9 9 l ~ S U l 9 9 ~ ~ Z U ~ 9 9 ) , C U ( 9 9 l ~ G U l 9 9 l ~ N O U ~ T U I M  
T I = T T A B ( N )  
CALL TVAR 
K s K T I ,  J, J V I t  Jd60A,  J2, J4, JKv  JR 
PL I 9 9 1  ,HL (991, PU (99)s Flu (99) 
3 0  c +++++++++*++++++++++++++++++*+++*++++++++*++++++++++++++~+++++++++++*+ 
C C 2 F 6  CHECK 
c ++*+++*+++++++++++++++++*+*++*++++++++++++*++++++++*++++++++*++++++++* 
C 
3 5  c 
IF(CAPA.CQ.1.01 G O  T O  1000 
c *+**+*++++++++++++++++++*++++++++++++++++++*++++++++++++*++++++++++*++ 
C CBRF3 CHECK 
c ++++***+**+++++*++++*++++++**+*++++**+++++++*+++++++++++++++++++++++++ 
r 
40 I F ( C A P a . N t . l . 0 )  G O  T O  Z O O 0  
4 5  
5 0  
5 5  
60 
6 5  
7u 
7 5  
80  
c +*+++*+++++*+*+**+++**+*++++*+++++++++++++++*+++++++*++++++++*++++++** 
C CBRF3 SATURATION PRtSSURE L I N E  ONLY 
c *+*+*++*+++**+*+*++*+**++*++++++++*++++*++*+++++++*++++++++++++*++++++ 
P S = l - 4 4 2 9 5 . / T I Z - 1 7 Y 5 . 6 7 ~ / T I + 7 . 3 2 2 5 D 6 - 0 . 0 ~ 4 3 B 3 3 9 + T I  
G O  TO 2 0 0 1  
1 + 0 ~ 0 0 0 0 0 3 1 2 5 8 4 + T I 2 )  
1000 C J N T I N U E  
c * *++***++**++*+***++***++++++**+4**++*++*+*+++++**+*+++++++++++*++++++ 
C C 2 F 6  SATUi lATION P R i S S U R E  L I N E  ONLY 
c ++***+++**++++++*++***++++++*++++*++++++++++++++++++++++++++++++*++*++ 
1 + ~ 7 3 4 0 8 2 0 3 8 8 t ~ 0 2 * T 1 ~ ~ 9 9 3 7 5 6 0 3 8 6 E + 0 0 + ( ( ~ 5 3 5 1 6 9 9 9 9 9 E + 0 3 ~ ~ 1 ~ / T 1  I 
Z+ALOG10(~53516Y9WJE+03-T11 
PS=.3762ZB25Z1E+~Z-~lE57Z9E7Z4E+O4/TI-~1Z97El6l3ZE+O2*ALOGlOlTIl 
GU TO 2 0 0 1  
c +******+**+*+**+***+*+*+*+*+*+*++**++*+++**++++++++*++++*****+++++++++ 
C S A T U R A T I J N  PRESSUrlE L I N E  FOS ALL OTHER F R i O N S  
c *+++***++*+++++*++*+++**+**++*++++*++++++*+++*+++++++++++++*+++++*++++ 
ZOUO P S ~ C A P A + C d P a / T I + C A P C ~ A L ~ G l O l T I ) + C A P D + T I  
IF(CAPE.dE.O.0) ? S ~ P S + C A P E + ( ( C A P F - T I I I T I ) * A L O G 1 G ( C A P F - T I l  
IF( NAME. t 3 . 8  ) ? S = P S + C A P H + T I Z + C A b L + T I 3  
iC51 CONTIWUE 
P s = l o . * * ? s  
J J - 1  
44 V I * V G ( J J )  
CALL V V A R  
CALL POTV 
F G (  J J ) = P  
IFIABSIPG(JJ)-PS)-tRR+PS)70,71,71 
(1 I F (  J J-1172,72143 
72 JJ.2 




1 0  
15 
2L. 
2 5  
1u 
1 9  
2 0  
2 5  
3 l I  
3 5  
SUBRi lUTINE PLOT 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C SUBROUTINE PLOT RELAYS THE P L O T T I N G  I N S T R U C T I O N S  TO THE PLOTTER 
c ++++++++++++++++++++++++++++++++++++*++++++++++*++++++++++++++++++++** 
D I M E N S I O N  T T A B 1 9 9 ) ~ V T A B 1 9 9 ) ~ S T A B 0 , Z T A B 1 9 9 l ~ A T A B 1 9 9 ~  
COMMON J A 6 0 A ~ S U M 1 6 i J , P C ~ V C ~ E M ~ U N I O ~ F T I C T , P S T O P , P S T O P ~ P L O T O U T  
COMMON S U M ~ ~ ~ , S U M ~ ~ Z I S U M ~ ~ ~ ~ S U M ~ ~ ~ ~ S U M ~ ~ ~ ~ S U M ~ ~ ~ ~ C A P Y ~ C A P X ~ T C  
COMMGN C V , P P T , P P V , N A M E , N A M E l p N A M E Z  
COMMON N O T , T T A M , N O V , V T A B , N O S 1 S T 4 8 I N O Z , Z T A B , N ~ A , A T n e , V I G  
C O M h O k  V G ~ 2 ~ ~ A G I 2 I ~ S G I 2 ~ ~ Z G I 2 ~ ~ P G I Z ~ ~ V G N ~ I , ? 4 ~ J J ~ G G I 2 ~ ~ A S 9 ~ A I ~ S I ~ Z I  
COMMUh PS, NN, XPLOT 1 9 9  1, Y PLOT I 9 9 1  9 G1,GTAB 1 9 9 )  r N O G s G  
CGMMON CAPA,CAPB,CAPC,C APD, CAPE, CAPF, CAPG, CAPH, CAPL, ERR 
COMMON AEI, ALPHA, A V I ,  A2,43sA4,A51A6,821 B2Ts 83; B3T,B4,B4T, 
lB4T4,B5,B5T, B ~ , B ~ T ~ C Z , C ~ E ~ C ~ ~ C ~ E ~ C ~ ~ C ~ ~ C ~ E ~ E A V I , C ~ K T I ,  
Z H , J , J R 6 0 A , J K , J K ~ J V I ~ J Z ~ J 4 ~ K ~ K T I ~ O V I ~ ~ O V I d 2 ~ ~ V I ~ 3 ~ O V l ~ 4 ~ O V I ~ 5 ~ P ~  
3R,RTI, S t  SAA,SB,SdB,SC, S0,SFt S U M l O , S U M l l , S U M Z , S U M 3 , S ~ 3 3 ,  SUM34r 
4SUM35, SUM4r SrlM5t >UM6t SUM91 T I  P T I 2  * T I  3 1  T 1 4 ,  V I t  V I  MB, V I M  B2, V I  '4M2Z 
CCMMON V I Y B 6 ~ U V I d 6 ~ S U M 3 6 , S U Y 3 7 , S U n 3 B 1 S U M 3 ~ ~ S U M 3 9 ~ S U M 4 ~ ~ S U M ~ l ~ S U M 4 Z ~  
1 S U M 4 3 ~ V I 2 ~ J V 1 2 , A ~ Z ~ V l M B 3 ~ V I M ~ 3 3 ~ V I M B 4 ~ V I M ~ 4 4 ~ V I M B 5 ~ V I M ~ 5 5  
K € A L  K , K T I , J I J J I , J ~ ~ J A , J Z , J ~ , J K , J R  
PEAL J V I Z  
REAL JA6OA 
X P L O T l ~ N + i l = 9 .  
X P L O T ( N h + Z  ) = 1 .  
Y PL O T  I N N + l ) = - 3  
Y PL UT (NN+Z 1 =. 2 
CALL L I N P L T l X P L O T ~ Y P L Q T , N Y ~ l ~ ~ ~ O ~ l ~ O l  
PETURE. 
EN0 
1 S l iBROUTINE PUTW 
c *+**+*****+**+****+*********++**+*+*+++++++**++*++*.*++*+**++++*++++++ 
CI SUBRJUTI?4E P d T J  CUMPUTtS P * F ( T , V l ,  P4ESSURt  A S  A FUNCTION OF 
C .  T AND V 
c +* * * * *+*** * * * * * *+*+**+***+**++*+++**+++***+**+++~*+*++***+++*++*++++++ 
D I M E N S I O N  T T A B l 3 ~ l ~ V T A d ~ 9 9 ~ ~ S T A ~ l 9 9 ~ ~ Z T A 3 l 9 ~ ~ ~ A T A B l 9 9 ~  
CilMMJN S U M l 6 1 ~ S U ~ l 6 Z , S U M l b 3 , S U ~ l 6 4 , S U M l O ~ , S U M l 6 6 ~ C A P Y ~ C A P X ~ T C  
C3tl i lON 
COMMON N O T , T T A B , N U V , V T A B , N O S , S T A S , N O Z ,  ZTAa,NOA,ATABrVIG 
C b M M L h  V G ~ 2 ~ ~ A G ~ Z ~ ~ S G l 2 ~ , Z G l ? l ~ P G l 2 ~ ~ V G N ~ I , ~ ~ J J ~ G G l 2 ~ , A S ' P ~ A 1 , S 1 ~ Z I  
C 3 M R O h  P S I N ~ ~ X P C ~ T ( ~ ~ ~ , Y P L O T ( ~ ~ ~ , G I , G T A ~ ~ Y ~ ) , N O G , G  
C2MhON C A ? A , C A ? B , C A P C , C A P D , C A P E v C A P F s C A ? G , C A P H ~ C A P L , k R R  
C J P n C h  
. CCMM3N J A b O A , S U * l b J , P Z , V C ~ E M 1 U N I O 1 F T ~ C T * P ~ T O ~ ~ P L U T O U T  
CJ, PPT, PPVt  V A M t ,  Y A M E l r  NAME2 
A E  I ,  ALPHA, A ' V 1  P A29b3,  A4, A5, A6982,  aLT, 33,  B 3 7 - 8 4 ,  u ~ T ,  
1 G 4 T 4 ~ ~ 5 , J 5 T i ~ 6 ~ ~ 6 T ~ C L I C Z E 1 C 3 r C 3 E 1 C 5 , C 5 E ~ ~ A ~ 1 ~ E k K T 1 ~  
ZH, J t  J b b U A t  JK, JR, J V I t  J Z t  J 4 ~ ~ r Y T I , O V I B , U V I ? Z , O V I B 3 r O V I B 4 , 3 V I B 4 ~ ~ V I B ~ , P ~  
3C,RTI,S, S A P . ?  S 3 1  SBi(,SC, SO, S f  SUMlOt  SU' l l l .  SUMZ,SUM3,5UM33,SrlM34, 
4 5 UM 3 !I t S UM4 P S ~ I  h 5  9 S UY6, S b M 9 i  T 1, T I ?  t T 13, T 14, V I s V I M  8 ,  V I  MB 2 ,  V I il32 2 
1SUMC3,VIZ, J V I 2 , 4 , Z , V l M B 3 , V I ~ B 3 3 r  V IMB49 V I M ~ ~ ~ ~ V I M B S I V I ~ B ~ ~  
C 0 k H JN 
k E A L  
i E A L  J V I Z  
i, L A  L 
C3MMOII 
CllMPCh T ~ ~ 9 9 l ~ V T l 9 3 J , S 1 ~ 5 9 ~ r Z T o , n T ~ 9 9 l ~ A T l 9 9 ~ ~ G T ~ 9 9 l ~ P T ~ 9 Y l t H T ~ 9 9 l  
CghMCIh T A ~ 9 9 l r V A l 9 Y l ~ S A ~ 5 9 ~ ~ Z A ~ 9 9 l ~ A ~ ~ 9 9 ~ ~ ~ A l 9 9 ~ ~ P A l 9 9 ~ ~ H A ~ 9 9 ~  
CJMMON T L ~ 9 F ~ ~ V L l 9 3 l ~ S L ~ F 9 ~ , Z L ( 9 7 ) , A L l ~ 9 ~ ~ G L l ~ 9 ~ ~ N J L ~ T L ~ M  
C::MhbN AU 1 9 9  I t  SU 19Y I ,  NOUt T U I Y  
V 1 3 = V I Z + J I  
v I 4 = v I z + V I z  
V I M 9 b ,  J V  I d 6 9 5 U d 3 b t S U 4 3  7 f S Ufl 3 B * S U f13 9 P S UM 4 0 3 S U M 4 1, b U 'I 4 2 3 
K t K T I ,  J, J V I ,  J J 6 J A t  J 2 t  J 4 1  JK, JR 
J A b  0 A 
PL 1Y9 ) 9 i i L  ( 9 3 1  3 t'li ( 9 9  I I rlU ( 9 9 )  
T11(99), VU I 3  4), SU 1 9 9  I t ZU 1 9 9 )  
c * * + * * * * * * + + 4 * + * + * * + * * + + + C * + * c l * * * + * + * * * * + * * * + * ~ + * + + * + * + + * * + + * * * * * * * * + * * * * + * *  
+ + * * + + * + + + * + + * + + + + + + * * + + + * * * + * * * * * + + + * * * * * * + * * + * * * * * + + * * * + * + + + * * * 4 + + + +  
C C Z F 6  CHECK 
C 
C 
c * + * + * * * + * + + * + * + + + + + t * * * * + * * + * + * * + * * + + * * * * * + * * + * + + * * 4 + + * * * * * * + + + + * + + + + +  
C CBKF3 C H E i K  
1 f l C A P A . k L . l . J )  GO T J  1000 
41 
APPENDIX A 
4 0  
42 
4 5  
50 
5 5  
6 0  
10 
1 3  
zc 
2 5  
30 
35 
IF(CAP8.SE. l .C)  G O  TO E O C O  
C 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C P=F(T,V)  FOR C B R r 3  ONLY 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P ~ - 2 . 4 9 5 ~ 7 / V 1 2 + 3 . 0 2 7 4 5 5 B / V 1 3 - ~ ~ 0 0 0 1 7 d ~ 4 / V I 4  
l + T I * ~ G ~ 0 7 2 C 4 7 / V I + O ~ U U Z l 9 ~ l ~ / V I L - 0 . 0 0 5 0 2 ~ 7 ~ 7 / V I 3  
Z + C . O ~ C ~ ~ 3 2 1 ~ 5 / V I 4 ) - ~ 5 ~ 6 7 7 E b l V I 2 - 2 . 6 1 7 E 3 / V I 4 ~ / T I 3  
GG TO Z O O 1  
1OGO C 0 k T I F : U t  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P = ~ ~ 0 7 7 7 5 5 3 F 7 0 9 * T I ~ l ( V I - ~ O O ~ 2 ~ 3 6 B l 5 5 3 ~ - ~ 3 ~ . Z O 2 7 6 9 4 2 ~ / ~ V I * ~ V ~ +  
G O  T U  2 C L l l  
C P = F ( T j V )  F U R  C L F 6  3 N L Y  
l . O C B Z 2 3 6 a l 5 5 3 ) * S Q R T O )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C P = F ( T , V l  FOR A L L  CJTiiER FREGNS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2OCO P = P T I + O V I % + S J f l ~ * G V I d Z + S U ~ 3 * ~ V I B ~ + ~ U f l 4 * O V l ~ 4 + S ~ M 5 * O ~ l ~ 5 + S U ~ ~ * E A V l  
Z C O l  CONTINUE 
RETUPN 
t t.0 
S U B R O b T I ~ E  S L I Y t  
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C SUBROUTINE S L I N E  C3MPUTES L I N E S  OF CONSTANT S,ENTROPY 
D I f l E N S I O N  T T A d ( ? 4 ) , V T A d ( 9 9 ) , S T A B ( 9 9 J , Z T A d ~ 9 9 ) , A T A 8 i 9 9 )  
CJMMJN 
COMMON C V , ? P T , P P V , , ~ A M t , N A M E l , ~ A H E Z  
COMMON N O T , T T A a , N O V , V T A B ~ N O S 1 S T A B , N O Z , Z T A t l ~ N O A ~ A T A B ~ V I G  
COflMON V Z ( Z ) , A G ( Z ) , S G ( Z ) , Z G ( 2 ) ~ P G ( Z ) , V G N , I , N ~ J J , G G I 2 ) , A S ~ ~ A I ~ S I ~ Z I  
COMMON P S ~ N N ~ X P L O T ( 9 9 ) r Y P L O T ( 9 9 ) r G I , G T A B ( 3 9 ) 1 " G ~ G  
CCMMON C A P A , C A ? B ~ C A P C ~ C A P O ~ C A P E ~ C A P F , C A P G ~ C A P ~ ~ C A P L ~ E R R  
COMMOh 
J A ~ I J A , S U . M ~ ~ J I  PC, VC*ffl,UNIO, F 7 3 C T j  PSTdP, PLOTOUT 
CJMfli lN S U f l 1 6 1 ~ S U M l b 2 , j U M 1 6 3 , S U M l 6 4 ~ S U M l 6 ~ ~ S U M l 6 6 ~ C A P Y ~ C A P X ~ T C  
A S I , A L P ~ A P P V I ,  A Z t  A 3 1  A4,A5, A ~ , B Z , ~ Z T , B ~ , ~ ~ T I B ~ ~  6 4 T ~  
1 8 ~ T 4 ~ a 5 t J S T , B ~ , a ~ T ~ C Z ~ C 2 E , C 3 ~ C 3 E , C 5 , C 5 E ~ ~ A V I , E f l K T I ~  1 
Z H t  J, JB6ilb.r JK, JR, J V I t  J 2 9  J4,Kj K T I ,  O V I B ~ O V I d Z ~ O V 1 ~ 3 ~ 0 V I B 4 ~ O V I B 5 ~  P t  
~ K ~ R T I ~ S ~ S ~ P , S B ~ ~ ~ ~ ~ S C , S O ~ S ~ ~ S U ~ ~ ~ O ~ S U U ~ ~ ~ S U ~ ~ ~ ~ S U ~ ~ ~ S V M ~ ~ ~ S ~ ~ ~ ~ ~ ~  
~SU~~~~SUM~~SJ~~~~SU~~~SUM~~TI~TIZ,TIZ~TI~~TI~~VI~VIMB~VIM~~~VI~BZ~ 
C3MMON ~ I f l B 6 ~ 0 V I 3 6 ~ S ~ M 3 6 ~ S U ~ 1 3 ~ ~ S U M 3 B ~ S U M 3 9 ~ S U M 4 0 ~ S U M 4 1 ~ S U M 4 Z ~  
1 S U ~ 4 3 ~ V I Z ~ J V I Z ~ A ~ Z ~ V l M ~ 3 ~ V I f l B 3 3 ~ V I H B 4 ~ V I M B 4 4 ~ ~ I ~ B 5 ~ V I M B 5 5  
C U M M O ~ l B J U N D I F L A ~ O ~ T ,  NOENT 
h E 4 L  
P E A L  J V I Z  
REAL JA6OA 
COMMUN P L I ~ ~ ) J H L ( ~ ~ ) , P U ( ~ ~ ) , ~ U ( ~ ~ )  
COHMOh T T ( 9 9 ) ~ V T ( 9 J ) , S T ( 9 9 ) , Z T ( 9 9 ) , A T ( 9 9 1 , G T ( 9 9 ) ~ P T ~ 9 9 ) ~ H T l ~ 9 )  
CilflMON T A ( 9 9 ) , V A ( 9 9 ) , S A ( 9 9 ) 1 Z A ( 9 9 ) , A h ( Y Y ) r G A i 9 9 l , P A ( 9 9 ) , H A l 9 9 )  
CCMHON ZL ( 9 9 ) 9 A L (  99 8 9  G L ( 9 9 ) s N D L g  T L I R  
COHflON T U ( 9 9 l , V U ( 9 9 ) , 5 ~ ( 9 9 ) , Z U ( 9 9 ) , A U ( 9 9 ) r G U ( 9 9 ) ~ N O U ~ T U I H  
COMMOh LNCT 
DO 2 N=l,NOT 
T I - T T A B  I N )  
CALL TVAR 
J J - 1  
4 4  V I - V G I J J )  
I F ( V I . L E . S B ) V I ~ S B * 1 . 0 5  
C A L L  VVAR 
C A L L  SOTV 
SG( JJ1.S 
K r  K T I ,  JI J V I 9  JabOA, JZ, J49 JK, JR 
T L  (991 9 VL (941,  S L  ( 9 9 1  
- -__, . , . I 
APPENDIX A 
4 0  
4 5  
5 U  
5 5  






2 5  
30 
35 
SUSEUUTINE S J T V  
c ++***+++**++*+***+*++*+**+*++++**+*+*+++***++*+++**+*+*+++++++*++**+++ 
C SUBRdUTIIUE S O I J  C0;IPUTES S=F(T,Vl, ENTkOPY AS A F U N C T l O N  
C OF T A N 0  V 
c + * * *+*+*++* * *+*++*+*++*++* * *+++*+++** *++*+*+~* *++++*+++++*++++*++++*++  
O I M E N S I O N  T T A ~ ~ Y Y ~ ~ V T A E ~ 5 9 l ~ S T A E ~ ~ 9 ~ ~ Z T A B ~ Y ~ l ~ A T A B ~ Y 9 ~  
COflNOh J A ~ ~ A I S U M ~ ~ U ~ P C , V C , E ~ ~ U N I O ~ F T ~ C T ~ P S T O P , P L O T O U T  
CCMMON S U M l b l r S U ~ l 6 Z ~ S U M l 6 3 , S U M l 6 4 , S U n l b b , C A P Y ~ C A P X , T C  
C C fl M 0 h 
CZMMUN 
CL?IMJl’r V G l Z l ~ 4 i ~ ~ ~ ~ S G ~ 2 l ~ Z G ~ ~ l ~ P G ~ Z l ~ V G N ~ I ~ N ~ J J ~ G G l Z l ~ 4 S ~ ~ A I ~ S I ~ Z I  
CO!IMON P S , N N , I P L O T ( J 9 ) , Y P L O T ~ Y Y l ~ G I , G T A S ~ 9 Y ) ~ N O G , G  
CONMljN C A P A , C A P B , C 4 P C , C A P O , C A f ’ E , C A P F , C A P b s C A P H * C A P L , t R R  
COMM3h 
C J ,  P P 1, P P J 9 iY A 3 E, NAY E 1 t N A 9 E 2 
N J T ,  T T A E t  VOJI  VTAB,NOS*STAE, N G Z t  ZTABIN~A, ATA6,VIG 
A€ 1, ALPHA, Ad11 AZ, A 3 r  A41A5, A 6 ~ 3 2 ,  82Tt 8 3 1  9 3 1 1  84 ,d+T j  
1 B 4 T 4 , B ~ ~ Y 5 T , B t r B 6 T ~ C Z , C 2 ~ , C 3 E t C 5 r C 5 E ,  E A V I P E M K T I ,  
2H, J t  J B 6 0 A j  JK, JR, JV I I  J 2 t  J 4 , K ~ K T I , O V I B ~ O V I a Z , O V I a ~ ~ O V I ~ 4 , O V I ~ j ~ P ~  
3 ~ , R T I , S , ~ A A , S 8 , S d d , 3 C 1 S D 1 S F 1 S U n l O , S F ~ S U M l O ~ S U M l l ~ j U M Z ~ S U M 3 ~ S U M 3 3 , S U M 3 4 ~  
4 S ~ M 3 5 , S U f l 4 ~ S U ~ 5 r S U 3 ~ ~ S ~ M 9 ~ T I 3 , T I 2 ~ T I 3 ~ ~ I 4 ~ V I ~ V I M ~ , V I M S Z ~ ~ I ~ B 2 2  
CGMMUk V I ~ ~ 6 ~ D V I B 6 r S U M 3 6 , S U M 3 7 , S U n 3 8 , S U M 3 B ~ S U ~ 3 ~ ~ S U M 4 O ~ S U M 4 l ~ S U M 4 2 ~  
~ ~ ~ Y ~ ~ ~ V I Z , J V I Z , A , Z I V I ~ E ~ , V I ~ ~ B ~ ~ ~ V ~ ~ ~ ~ , V I ~ ~ ~ ~ ~ ~ W I ~ ~ ~ , V I M B ~ S  
PEAL K , K T I , J , J V X , J ~ b U A , J Z , J 4 ~ J K ~ J R  
P E A L  J V I Z  
P E A L  J A 6 O A  
V I 3 = V I Z + J I  
c +*+**+**+*+++*+****+*+**++*++++**+****+++******++++***++++++**+++*+*+* 









C S=F(T,V) FOR C B R F 3  O N L Y  
IFlCAPA.EO.1.0) GO T J  1000 












1 J  
Zi 





GO T O  2031 
1003 CONTINUE 
c +****++++++++++++*++*+++++++++*++++++++++++++++++*++++++++++++++++++++ 
C S = F I T # V )  FOR C 2 F b  ONLY 
' c *++++*++*++++*+*++++++**++*+++*++++++++++++++++++++++++++++++++++*++++ 
o t T A = . O G o Z 2 3 6 8 1 5 5 3  
ALP-38 .20276)42  
S~0~02378775437+ALOG~T1~t~000346365133+T1-~14211084~-06+T12/2. 
1 + ~ 7 6 1 1 7 5 3 5 5 4 t - l l + T I 3 / 3 ~ t J R + A L O G l V I - 8 E T A l - l J + A L P / l 2 . * ~ t T A * T I + + l . 5 ~ ~  
2 + A L 0 G ~ l V 1 + B E T A ~ / V 1 1 ~ ~ 1 5 8 5 7 + ~ ~ 6 9 0 ~ 1 7 5 E * 0 3 / 1 2 ~ + ~ 1 2 ~  
G O  TO ZOO1 
c +++++*+++*++*+++++**+**+++++++*+**++++++*++++++++++++++*++++++++++*+++ 
C S = F l T * V l  F J R  A L L  OTHER FPEOYS 
c ++**+++++*++**++**+* .**+**+~++++*++++++++*+++*++~**+*++++**+++;+*+++++ 
2 0 6 3  S ~ S U M l b 4 t S U M l 6 ~ + S U Y l b 6 + S U M 3 6 t C A P Y  
2 0 6 1  CONTINUE 
RETURN 
C W O  
S U B R W T I N t  T L I N E  
c + + + * + * + + + + + 4 + * * * * + * * * * + + + * * + * + + + + * * * + + + + + + + * + + * + + + * * + + + + * + + * * + + + + * * + * *  
c *++*++++**++++**++++*++**+*++++++*+++++++++++*++**+++++++++*+++*++*++*  
C SUBROUTINE T L I N t  CORPUTES L I f l E S  OF CJNSTANT T t  TEMPERATURE 
D I M E N S I O N  T T A 8 ( 9 9 ) ~ V I A 8 ( 5 9 ) ~ S T A ~ l 9 9 ) ~ ~ l A B l 9 9 ) ~ A T A 8 ~ 9 9 ~  
COMflOFi J A 6 0 4 , j U f l 1 6 0 t  PC, VC, EM,UNIO, FT,C T B P S  r O P ,  PLUTOUT 
CUMMOh S U l l b l ~ ~ U ~ l b ~ r S U M l 6 3 ~ S U Y l 6 4 ~ S U ~ l 6 5 ~ S U ~ l 6 6 ~ C ~ P Y ~ C A P X , T C  
CCMPlON C V t  PPT. PPV,NAME, NAME 1, YAYE 2 
CGPMilh NOT,TTA8,4OVt VTABpNOSs 5748, NOZ, ZTABvNOA1 A T A B S V I G  
C O M M O I I  VG ( 2 1 t Ai, I 2  1 ,  S G 1 2  I 
CtiflMON P S ~ N N ~ X P L O T l P 9 l ~ Y P L O T l ~ Y ~ ~ G I ~ ~ T A ~ l Y Y ~ , N C G ~ ~  
CiJMhOk C A P A , C A P ~ , C A P C , C A P D , C A D E ~ C A P F B C A P G , C A P H ~ C A P L ~ E R R  
CGMPLN 
ZG 12  ) 9 PG I 2  1 9  VCN, I P NI J J 3 GG 1 2  1 ,  ASCI, A I ,  S I P Z I 
A€ I P A L  PHA, AVI ,  AZ, A3,141 A 5 1  Ab, 82, a L T ,  331 6 3 1 , 8 4 1  8 4 1 9  
1 3 4 T 4 , 6 5 , d 5 T , ~ o r d o T , C 2 , C 3 , C 3 E I C 5 , ' 5 E ~ E A V I , E ~ ~ T I ~  
? n ,  J, JPbU4,  JK, JRI J V I P  JZ, J 4 9 K p K T I 9  J V I S ~ O V I d Z ~ O J I a 3 ~ 0 V I D 4 r J V I B S 1 P ,  
3 k , R T I t S ~ ~ 4 A t ~ d ~ S ~ b ~ S C ~ S D ~ S F ~ S ~ M l O ~ S U ~ l l ~ S U ~ Z ~ S U M 3 ~ S U M 3 3 ~ S ~ M 3 ~ ~  
~ ~ ~ ~ 3 2 ~ S U ~ 4 ~ S J ~ 5 1 S U ~ ~ ~ ~ S U ~ 9 ~ T 1 ~ T 1 2 ~ T 1 ~ ~ T I ~ ~ J 1 ~ V 1 M B ~ V 1 M ~ 2 ~ V 1 ~ ~ 2 2  
V i  i l 3  6 9 3 t I Y b t S U M 3 h , SUM 3 79 S U f l3  8 t S U V 3 9 1 S UM4 f's S U M  4 1 t 5 LIH 4 2, 
~ ~ ~ M ~ ~ ~ V I ~ ~ J V I Z P A , Z ~ V I M B ~ , V I ~ ~ ~ ~ ~ V I M ~ ~ ~ V ~ ~ ~ ~ ~ ~ V I M ~ ~ ~ V I ~ ~ ~ ~  
C ti M r, ;1 N 
C t A L  K~~TI~J,JJI,J~~JA,JZ~J~,J~~JK,J~~J~I~~JA~~A 
C A L L  T J A S  
L n  z I = l , N i l v  
W I = W T A S I I )  
C A L L  VVAd 
C A L L  P r l O T V  
2 CONTIFcUE 
E E T U R N  
t N C  





2 0  
2 5  
30 




C SUBROUTINE TVAR COHPUTES THE T E R M  I N  THE THERHODYNAHIC EQUATIONS 
C I N V O L V I N G  T0 EXCEPT FOR THE COHPOUNDS CBRF3 AN0 C 2 F 6  
c ++*++++**+***++++++*++**++**+++**+**+++*+*+++++**+*+**+**++*+++++***** 
O I H E N S I O N  T T A B l 9 9 ~ ~ V T A B l 9 9 ~ ~ S T A B l 9 9 ~ ~ Z T A B l 9 9 ~ ~ A T A B l 9 9 ~  
COHHON J A 6 O A r  SUH160, PC, VC, E H t  U N I O t  FTsCT, PSTOP, PLOTOUT 
COHMON S U H 1 6 1 ~ S U f l 1 6 2 ~ S U H 1 6 3 ~ S U H l 6 4 ~ S U H l 6 5 ~ S U H l 6 6 s C A P Y ~ C A P X ~ T C  
COHMON CV, PPT, PPV,NAHE,NAHEl~HAHEZ 
COHMON NOT,TTABPNOV~ VTABpNOS, STABSNOZ, ZTAB,HOAr ATAB, V I G  
COMMON VGIZ) ,  A G I  2 ) s S G  I 2  ),ZGIZ ), P G I Z ) ,  VGN, ID N, J J, GG(Z ),ASP, AI, SI, 2 1  
COHMON PS,NN, XPLOT 1 9 9 ) s  Y PLOT 199) 9 G I j G T A B 1 9 9 )  ,NOG,G 
COHHON C 6 P A , C A P B ~ C I P C , C A P D , C A P E ~ C A P F ~ C A P G ~ C A P H s C A P L ~ E R R  
COHMON AE IIAL PHI ,  AVI, A2,A3,A49 A~,A~PBZ,BZT,  83, B3T,B4,84T, 
1 B 4 T 4 ~ B 5 , B 5 T , B 6 r a 6 T ~ C 2 , C Z E ~ C 3 ~ C 3 E ~ C 5 ~ ~ 5 E ~ E A V I ~ E H K T I ~  
ZH,J, J B 6 0 A s  JK,JR,JVI,JZ, J 4 ~ K ~ K T I ~ O V I B ~ O V 1 B 2 ~ O V I B 3 r O V I 8 4 , O V I B 4 ~ O V I B 5 ~ P ~ ~  
3R,RTI,Sr SAAsSB, SBB,SC, S O P S F *  SUHlO*  S U H l l ,  SUHZ,SUM3, SUH33, SJH34, 
4SUH35, SUM4,SUM5s SUH6, SUH9,TI P T I Z t  1 1 3 s  T I 4 9  VI, V I H B ,  VIMBZ, V I f l B 2 2  
COflflON V I M B 6 , O V I d 6 , S U f l 3 6 , S U f l 3 7 ~ S U H 3 8 ~ S U ~ 3 9 ~ S U f l ~ D ~ S U H 4 l , S U f l 4 2 ~  
l S U M 4 3 , Y I 2 , J V I 2 , A , Z ~ V I H B 3 ~ V I M B 3 3 ~ V I H B 4 ~  VIf lB44,VIHBS,VIMB55 
P E A L  K , K T I , J , J V I , J B 6 0 A , J Z , J 4 r J K , J R  
REAL J V I Z  
REAL JA6OA 
COMflON 
COHMUN T T l 9 9 ~ ~ V T l 9 9 ~ , S T ~ 9 9 ~ ~ Z T ~ 9 9 ~ ~ A T l 9 9 ~ ~ G T l ~ 9 ~ ~ P T ~ 9 9 ~ ~ H T l 9 9 )  
COflMON T A l 9 9 ~ ~ V A l 9 9 ~ ~ S A l 9 9 ~ ~ Z A l 9 9 ~ ~ A A l 9 9 ~ ~ G A l 9 9 ~ ~ P ~ l 9 9 ~ ~ H A l 9 9 ~  
COMMON T L l 9 9 ~ , V L l 9 3 ~ , S L l 9 9 ~ ~ Z L ~ 9 9 ~ ~ A L ~ 9 9 l ~ G L l ~ 9 ~ ~ N O L ~ T L I M  
COMMON T U l 9 9 ~ ~ V U l 9 9 ~ ~ S U l F 9 ~ , Z U ( 9 9 ) , A U l 9 9 ~ ~ G U l 9 9 ~ ~ N O U ~ T U I f l  
T I Z = T I + T I  
T I 3 = T I Z * T I  
T I 4 = T I Z + T I Z  
R T I = R * T I  
P L  1 9 9 1  9 H L  (99)  9 P U I  99 ),.IUl99) 
c +***++***++*+++++++++**++*+***++**++*+**+***+*++**++**+*+*++**++***+*+ 
C T TERMS FOR CBRF3 AND C Z F 6  ARE HANDLED I N  ROUTINES C B 2 F 3  AND C Z F 6  
c +++*+++++*++++*++*++++**++++****+++*+++++++**+**+++*+++++*+*++++**+*++ 
I F l C A P A . E P . O . O . O R . C A P 9 . E P . O . ~ )  RETURN 
K T I * K + T I  
I F l - < T I + 6 7 5 . d 4 )  7 b J 9 7 8 6 1 7 8 8  
G O  T O  793 
789 E M K I I = O  
788 E M K T I = E X P ( - K T I )  
790 C 3 N T I k U t  
4 5  
5 0  
5 5  
ti, 
6 3  
7c 
7 5  
103 
S ~ M 3 i = J K + K T I + E ! 4 K T I  
CZE*CZ+EMKTI  
C 3 E = C 3 + C # K T I  
C 5 E = C S + E q K T I  
b Z T * B Z + T I  
B 3 T = B 3 + T I  
B 4 T = B 4 + T I  
B 6 T = 3 6 + T I  
5 L M Z = A Z i B Z T + C Z t  
SUM!=A3+831+;35 
S U M 4 = A 4 + 3 4 1  
SUM4 2 = 4 .  +SUM4 
SUM5=A5+B 5 T i C  5 6  
S U M C = A 6 + B b T  
SUM33=L.+SUR2 







S U M l i = J 4 * S U P 4 1  
S J R l t 3 = J * E k K T I + l l . + K T I )  
S U M l o 6 = J K + E R K T I  
S U M l 6 C ~ S A A + S B d + T I + P C * T I Z + S D + T I 3  
S ~ M l t l = S ~ A + T I + j d ~ ~ T I Z / Z . + S C + T I 3 / 3 . + S D + T I 4 / 4 .  
S U M 1 6 4 - S A A * A L O G l T I ) + S a U * T I + S C * T I Z . + S D c T I 3 / 3  
IF lSF.EP.O.0)  G O  1 3  1 b O  
S U H l t O = S U ~ l h O t S F / f 1 2  
SU! l lb l=SUf l161-SF/TI  
S ~ f l l b 4 = S U , ~ l C 4 - S F / ( Z . * T I 2 )  
C L N T  I hUE 
PETURN 
t h O  
B ~ T - ~ ~ + T I  
45 
A P P E N D I X  A 
1b 
1 5  
2 0  
2 5  
10 
13 
2 0  
2 5  
30 
35 
SUBROUTINE V L I N t  
c ++++*+++++++*+++++++**+++++++++*+*++*++*+*++*** * *+++++*++++*+++*++**++ 
C. SUBRJUTIME V L I N E  CJYPUTES L I N E S  OF CONSTANT V, VOLUHE 
c +*++++*+*++++++++++++++*+++++*++*++**++**++++**++*++++*+++++*++++*++*+ 
D l H t N S I O N  T T A 8 1 9 7 ~ ~ V T A 8 1 9 9 ~ ~ S T A 8 1 9 9 1 ~ 2 T A 8 o , A T A 8 ~ ~ 9 ~  
COMHGE( JAbOA,SUYlbO, PC,VCjE'4,UNIO, FTsCT,PSTOP,PLOTOUT 
COMM3N S U 1 1 6 1 ~ S J H l 6 2 ~ S U # 1 6 3 ~ S U M l 6 4 ~ S ~ H l 6 ~ ~ S U M l 6 6 ~ C A P Y ~ C A P X ~ T C  
COHflON C V , P P T , P P V ~ N A ! i t , K A M E l s N A H E . ?  
C 0 H M 0 k N i3 T 9 T T A B 8 14 3 V P V T A 8 9 N 0 S 9 S T A B 9 N 0 2 9 Z T A B J HI1 A , A T A 8 
COHHON V G l Z ~ ~ A G l 2 ~ ~ S ~ l 2 ~ ~ Z G l 2 ~ ~ P G ( Z ) 1 V G N ~ I ~ N ~ J J ~ G G l 2 ~ ~ A S ~ ~ A I ~ S l ~ Z I  
CONMOh PS,NN, XPLOT ( 9 9 )  J Y P L O T 1 9 9 1  ,GI,STABl99),NOG,G 
COMMON C A P A i C A P B , C A P C , C A P O ~ C A P E , C A P F , C A P G , C A P U , C A P L , E R X  
COMMON A E I , A L P ~ A , A V I , A L , A ~ J A ~ ~ A ~ ~ A ~ , B Z T , B Z T ~ ~ ~ ~ ~ ~ T D ~ ~ , ~ ~ T ~  
V I G 
~ R ~ T ~ , ~ ~ , B ~ T , ~ ~ , ~ O T ~ C Z , C ~ E ~ C ~ E , C ~ E ~ C ~ ~ C ~ E , ~ A V I ~ E H K T I ~  
ZH,J, J 8 6 0 A ~  JK, JRpJVI ,  JZ,  J 4 ~ K ~ K T I ~ O V I B , O V I a Z ~ O V I 8 3 ~ O V I B 4 , O V I b 5 , P ,  
i S U H 3 5 ~ S U M 4 ~ S U f l 5 ~ S U ~ 6 ~ S U M 9 ~ T I ~ T I Z ~ T I 3 ~ T I 4 ~ V I ~ V I ~ 8 ~ V I H B Z ~ V I # d 2 Z  
C O H Y I J ~  V I W 8 6 ~ O V I ~ 6 ~ S J M 3 6 ~ S U Y 3 7 , S U n 3 8 r S U M 3 E ~ S U H 3 9 ~ S U H 4 O ~ S U H 4 l ~ S U M 4 Z ~  
~ S U H ~ ~ , V I ~ ~ J V I ~ ~ A ~ Z ~ V I M ~ ~ J V I M ~ ~ ~ ~ V I M B ~ , V I M B ~ ~ , V I H B ~ , V I H ~ ~ ~  
RCAL K ~ K T I , J P J V I , J B ~ O A , J ~ ~ J ~ , J K ~ J R , J K * J R ~ J V I Z , J A ~ O A  
V I = V T A B  11 1 
CALL VVAR 
DC: Z f.I.l,NOT 
T I = T T A B I N )  
C A L L  TVAR 
C A L L  PHOTY 
2 CCNTINUE 
RETURN 
E N 0  
~ R ~ R T I ~ S J S A A ~ S ~ ~ S ~ B ~ ~ C ~ S D I S F , S U ~ ~ O ~ S U M ~ ~ ~ S U M Z ~ S U M ~ ~ S ~ M ~ ~ ~ S ~ M ~ ~ ~  
SUBROUTINE VVAR 
c ++++*++++++*++*+*+++***+*++****+*++**+***+*+*+*+++*+**+++**+++++****** 
c +++++++++++++++++*+*++*++++++*+***+*+++++*+*+**++*++**+*+*****++******  
C S U a R O U T I N t  VVAR COMPUTkS TERYS I N  THE THERHODYNAHIC EQUATIONS 
C I k V O L V I N G  V, EXCEPT F O R  CBRF3 AND C Z F 6  
D I M E N S I O N  T T A 8 ( 9 J ) r V T A B l 9 9 ) , S T A B ~ 9 9 j , Z T A B l 9 9 ) ~ A T A B l 9 9 ~  
COHHON J A 6 0 A ~ S U H 1 6 0 #  P C t  VCt  E M , U N I O ~ F T , C T , P S T O P , P L O T O U T  
COHflUE( S U M ~ ~ ~ ~ S U H ~ ~ ~ , S U H ~ ~ ~ ~ S U H ~ ~ ~ ~ S U M ~ ~ ~ J S U M ~ ~ ~ ~ C A P Y ~ C A P X ~ T C  
CGMHON CVs PPT,PPV,NAME,NANEl . ,NAHEZ 
COHHON 
COHkON V G l 2 ~ ~ A S ~ Z l , S G l 2 ~ ~ Z G l Z ~ ~ P G ~ 2 ~ ~ W G N ~ ~ ~ N , J J ~ G G l Z ~ ~ A S O ~ A I ~ S I ~ Z I  
COHHON P S ~ N N ~ X P L O T I 9 9 ) ~ Y P L O T I 9 9 ) ~ G I ~ G T A B I 9 9 I ~ N O G ~ G  
COHHON C A P A , C A ? B , C A P C , C A P D , C A P E * C A P F , C A P S r C I P H , C A P L s E R R  
COHHON 
NOT, TTAB, NOV, VTABPNOS, STAB, NOZt ZTAB,NOA, ATAB, V I G  
AEI,ALPHA,AVI, A Z i A 3 1  A4, A ~ , A ~ ~ B Z , B Z T , B ~ ~ B ~ T I  B4,B4T, 
~ E ~ T ~ ~ B ~ , B ~ T J ~ ~ , B O T ~ C Z J C ~ E , C ~ ~ C ~ ~ C ~ E ~ C ~ ~ C ~ E ~ E A V I ~ E H K T I ~  
ZH,J, JB6OA9 JK, JR, JWI, JZ, J 4 ~ K ~ K T I ~ O V I B , O V I B Z ~ O V I 8 3 , O V I B 4 ~ 0 V I B 5 ~ ~ ~  
~ R , R T I ~ S , S A A , S B , S B B , S C J S D , S F ~ S U M ~ O ~ S U M ~ ~ ~ S U H ~ ~ S U M ~ ~ S U H ~ ~ ~ S U M ~ ~ ~  
CSUM35, SUM49 SUH5r SUM6, SUM99 T I ,  T I P I  TI3,114,  V I  J V I H B t  V1HB2, V I M B 2 2  
vine 44 ,  wine 5,  VI ne 55 
~- 
c **++++*****+**+***+*****************+*****************+****+********** 
c ****+++*+*****++***++*+****+**++****************+********************* C V TERMS FOR CBRF3 AND C 2 F 6  ARE HANDLE0 I N  ROUTINES CBRF3 AND C Z F 6  
I F ~ C A P A . E Q . O . O . O R . C A P B . E Q ~ O . 0 )  RETURN 





4 J  
4 5  
5 0  





1 5  
2 0  






8 9 2  
a 9 3  
S U B F Z U I I N F  Z L I N t  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C SUBII@l!TINE Z L I 4 E  CJMPUTES L I N E S  O F  C3NSTANT 2 s  C O M P R t S S I B I L I T Y  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JAbOA, S U Y l b O i  PC,VC,EYIUNIO, FT,C T t  PSTJP, PLOTOUT 
O I M E N S I D N  T T A d ( 9 9 l , V T A 8 ( 9 9 ) , S T A 8 ~ 9 9 ) , Z T A d I 9 9 ~ ~ A T A B l 9 9 1  
COMMON 
COMflOFi S U H 1 6 1 ~ S U M l b Z ~ 5 U H 1 6 3 1 S U n l 6 C , S U H l 6 ~ ~ S U H l 6 6 , C A P Y ~ C A P X ~ T C  
CCMMON C V I P P T I P P V , X A ~ ~ E ~ N A M E ~ S N A M E Z  
CDflMOh NOT,TTABrNDV, V T A B , N O S , S T A B I N O Z , Z T A ~ , N O A ,  A T A t 3 i V I G  
CGMMClh V G ~ Z I ~ A G ~ Z I r S G ~ 2 I ~ Z G ~ 2 I ~ P G ~ 2 I ~ V G N ~ I ~ N ~ J J ~ G G ~ 2 I ~ A S ~ ~ A I ~ S I ~ Z I  
C3MMJI.I P S ~ N N , X P L O T L 3 Y ) ~ Y P L O T I 9 9 I ~ G I ~ ~ T A 8 I 3 9 I ~ N O G ~ G  
i O M f l O N  C ~ P A , C A P B I C A P C I C A P D ~ C A P E , C A P F I C A P G , C A P G ~ C A P H , C A P L , ~ R R  
C3MMON A i I , A L P ~ A , A V I , A 2 , A 3 , A 4 , A 5 ~ A b , 8 2 , ~ Z T ~ B 3 ~ ~ 3 T ~ 5 4 ~ 8 4 T ~  
1 ~ 4 T 4 ~ b 5 ~ 8 5 T ~ 5 b , ~ 6 T ~ C Z ~ C 2 E ~ C 3 ~ C 3 E ~ C 5 ~ C 5 E ~ E A V I ~ E M K T I ~  
ZH. J, J B 6 0 A 1  JK, JR, JVI,  JZ, J49K,KTI, O V I B ~ O V I 8 Z , O V I 8 3 , O V I 8 4 ~ O V I 8 5 ~  P t
3 k ~ R T I , S ~ S A A , S 6 r S d E t S C , S D , S F , S U M l O , S U Y 1 1 ~ S ~ M 2 ~ S U M 3 , S U M 3 3 ~ S U M 3 4 ~  
4 S U M 3 5 ~ S U M 4 ~ S U M 5 ~ S U ~ 6 ~ S ~ H 9 ~ T I ~ T I 2 ~ T I 3 ~ T I 4 ~ V I ~ V I M 8 ~ V I H 8 Z ~ V I # ~ 2 Z  
CGMMnh V I H 6 O , O V I d b , S U f l 3 6 r S U M 3 7 , S U H 3 8 ~ S U M 3 9 ~ S U ~ 4 O ~ S U M 4 l ~ S U H 4 2 ~  
1 5 U M4 3 P V I  2 v J V I 2 ,  A J Z , V I flu 3 3 V I  11 R 3 3, V I MB 4 9 V I f lB 4 4  
REAL K , K T I ~ J . J V I ~ J B 6 0 A , J Z 1 J 9 I J K 1 J P , J K ~ J Q , J V I Z ~ J A 6 O A  
ZI.ZTAB( 11 
DIJ 2 N a l r N O V  
V I = V T A B ( N I  
CALL VVAR 
4J. l  
44 T I = V 6 ( J J )  
C A L L  TVAR 
C A L L  ZOTV 
V I  H 8 5 j V I H8 5 5 
72 JJ.2 
V G ( 2 I = V G ( l l * 1 . 0 5  
GO TO 4 4  
4 3  V G N ~ ~ l V G F Z ~ - V G l l ~ ~ / l Z G ~ Z ~ - Z G ~ l ~ ~ ~  
L * l Z I - Z G I l ) ) + V G I l )  
I F  lVGN)46,46,45 
46 VGN=.5*VG(Z) 
45 Z G ( l l = Z G I Z l  
V G ( l I = V G ( 2 1  
VG(Z)=VGN 
GO T O  4 4  












4 3  
5L 
5 5  
SUBROUTINE ZOTV. 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C SU0ROUTINE ZOTV COMPUTES Z=F(T,V), C O M P R E S S I B I L I T Y  A S  A FUNCTION 
C OF T AN0 V 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D I M E N S I O N  T T A B ( 9 9 ) ~ V T A B ( 9 9 ) r S T A B ~ 9 9 ~ r Z T A B ~ 9 9 J ~ A T A B ~ 9 9 ~  
COMMON J A 6 0 A ~ S U M l 6 O ~ P C ~ V C ~ E ~ r U N I O ~ F T r C T ~ P S T O P ~ P L O T O U T  
COMMON S U M 1 6 1 , S U M 1 6 Z ~ S U M 1 6 3 . S U n 1 6 4 r S U n l b 5 , S U M l 6 6 ~ C A P Y ~ C A P X ~ T C  
C O N M O N  CV,PPT,PPV,NAME,NAMEI ,NIWEZ 
COMNON N O T ~ T T A B ~ N O V ~ V T A R ~ N O S ~ S T A B ~ N O Z , Z T I B ~ N O I , A T A B ~ V I G  
COMMON VG(Z  )s A G I Z )  r SG (2 1, ZG ( 2  ),PG ( 2 )  r VGN, ISHI J J, GG(Z ),ASP, AXIS 1 9 2 1  
COMMON P S ~ N N , X P L O T ( 9 9 ) , Y P L O T ~ 9 9 ) ~ G I r G l A B ~ 9 9 ) r H O G ~ G  
CONNON C A P A r C A P 0 , C A P C r L A P D n C A P E , C A P F r C A P G # C A P H r C A P L # E R R  
COMMON AEI,ALPHA,AVIs A2,439 A ~ ~ A ~ , A ~ , B ~ , B ~ T I B ~ ~ B ~ T ~  B 4 8 4 T 9  
1 B 4 T 4 ~ B 5 , B 5 T r B 6 ~ B 6 T ~ C Z ~ C 2 E ~ C 3 ~ C 3 E ~ C 5 r C 5 E ~ E A V 1 ~ E M K ~ 1 ~  
ZH, J, J 0 6 0 A 1  JK, JRI JVI I  J2, J4,K,KTI, O V I B t  O V I B 2 r O V I B 3 r  OVIB4,  O V I B 5 r  P, 
3RpRT1, Sr SAApS0, S B 0 r S C r  SDsSF, SUM109 S U M l l ,  S U M Z P S U M ~ P  SUM33, SUM34, 
4SUM35r  SUfl4, SUM51 SUMb, SUM9r T I ,  T I Z r  113, T 14,VI,VXMB,VIHa2, V I M 8 2 2  
C O M M O N  V I M B 6 r 0 V 1 9 6 r S ~ M 3 6 , S U f l 3 7 ~ S U M 3 B r S U M 3 9 ~ S U M 4 O ~ S U M 4 l ~ S U ~ 4 2 ~  
l S U t l 4 3 r V I Z 1  J V I Z , A ~ Z ~ V I M ~ ~ , V I M ~ ~ ~ D V I M ~ ~ ~  V I M B ~ ~ P V I M B ~ ~ V I M ~ ! ~ ~  
P E A L  K,KTI,J, J V I I J ~ ~ ~ A ~ J Z , J ~ , J K , J R I J V I ~ , J A ~ O A  
c +*++***++****+******+*+**+******************************************** 
C C Z F 6  CHECK 
c **+*++++***++***+++++++++*+**************+*********+***++*+**+***+**** 
C 
IF(CAPA.EP.1.0)  GO TO 1000 
c 
c *+**++**+++**+*+++++++++++++*++****+****++*+*++*+++++*+******+*****+** 





C Z=F(T,V) F O R  CBRF3 d N L Y  
c **+++++*+++****++*++++*+++++**+**++**+*+++*+*+**+****+*++***++++*****+ 
I F ( C A P B . N E . I . 0 1  G O  TO 2000 
V I 3 = V I 2 * V I  
v I 4 = v I 2 + v I 2  
V I 5 . V I Z * V I 3  
P ~ - 2 ~ 4 9 5 9 7 / V I Z + O ~ O 2 7 4 5 5 0 l V X 3 ~ O ~ O O O l 7 8 9 4 f V I 4  
1 + T 1 * ( 0 . 0 7 2 0 4 7 / V 1 + 0 ~ 0 0 2 1 9 b 1 7 / V 1 2 - 0 ~ 0 0 0 0 2 ~ 7 8 ? / V 1 3  
Z+L~00000~~155/VI4~-~5~B77E6/VI2-2~617E3/VI4l/TI3 
G O  TO ZOO1 
1OOd CONTIhUE 
c +*++*++*+*+*++++*+*+*+++++*+*+**+++***++*+*++++*+++++*+*++*++++++++++*  
C Z = F ( T r V I  F O R  C Z F b  3NLY 
c ++*+++++*+++*++*++++*+*+++*+++++++++++*++++++++*++++++++++++++++++++*+ 
P ~ ~ ~ 0 7 7 7 5 ~ 3 Y 7 0 9 * T 1 I / ~ V 1 ~ ~ 0 0 8 2 2 3 6 8 1 5 5 3 1 ~ ~ 3 ~ ~ 2 0 2 7 6 ~ 4 2 1 / ~ V 1 * ~ ~ 1 +  
G O  TO 2031  
l . C O B 2 i 3 6 8 1 5 5 3 ) + S P P T ~ T I ) )  
c ++*+*+**r+**+++**++++++++++***++*++*+**+********+*+******+**++*+*++*++ 
C Z=F(T ,V l  F O R  A L L  OTrlkR FREONS 
c ++**+**+*+++++++++++++++*+++****+**+*+******+******+**+*****+**+**+++* 
2000 P = ~ T I * O Y I B + S U ~ Z * O V I B Z + S U M 3 * O V I B 3 + S ~ M 4 * O V I d 4 + S U N ! 5 * O V I ~ 5 + S U M 6 * E A ~ I  
2001 CONTINUE 
Z = ( V I + P ) / ( R T I l  
RETURN 





9.45 x 101 
9.36 10-5 
-5.08 x 102 
7.39 10-3 
3.87 10-5 
7.39 x 10-8 
-2.93 x lo-' 
1.07 x 10-l' 
-3.16 10-7 
4.02 x 10l1 
-1.50 109 
-1.06 lo4 
-5.81 x l o 1  
1.03 x 10-1 
9.05 x lo-: 
2.01 x 10- 
1.76 x 
CONSTANTS FOR THERMODYNAMIC EQUATIONS 
FOR TEN FLUOROCARBONS 
.~~ 
. CHC12F 




-1.96 x lo2 












The computer program listed in appendix A contains a general set of thermo- 
dynamic equations applicable to all the fluorocarbons selected except CBrF3 and 
CF CF whose respective equations are given in the report along with their con- 
stants. Built into the computer code are all the thermodynamic constants and 
thereby the user input is minimized. 
3- 3 
9.97 x ioo 
2.17 10-4 
-2.53 x 10-7 
7.60 x 10-l' 
-4.83 x 10-6 
5.17 x 10l1 
-1.38 109 
1.84 x 10-2 
-9.29 103 
-6.9 x 
Tables B1 to B3 list the constants (converted from U.S. Customary Units 












TABLE B1.- THERMODYNAMIC CONSTANTS FOR EQUATIW OF STATE 
CC13F I CC12F2 
6.05 x lo1 6.88 x lo1 
1.18 1 0 4  4.06 
6.38 x lom2 7.71 
-9.6 x lo2 -1.53 x lo3  
-4.25 x 1.01 x 10-1 
2.20 x 10' 
1.47 10-4 -5.67 10-5 
1.77 10-3 -5.74.% 10-5 
2.05 x 10' 
-3 .N x lo-! 0 
-1.54 ' x  lo-.( 0 
2.88 x 10-10 4.08 x 10-1' 
-9.67 10-7 -1.66 10-7 
7.29 x 10l1 0 
-1.17 109 0 
9.55 10-3 1.42 
-9.29 103 0 
Value of constant  for fluorocarbon - 
CHF3 I C C l ? F - C C l ~ '  CC1F2-CC1F2 
1.19 x 102 4.44 x 101 
1.68 x 10,' I o  1.27 x 10-1 8.17 x -1.25 x lo2 -1.08 x '  lo2 
-4.29 x 10' 0 
2.33 10-4 1.51 10-4 
2.09 x lo-' 3.59 x 
4.86 x lo1 
-6.41 x I O 1  
3.87 10-5 
5.22 x 10z2 
-1.76 x 10" 
5.71 x 
-1.61 10-5 
2.75 x lo-' 
0 
-4 .04  10-5 
1.04 x 10-8 
7.37 x 10-1; 





TABLE B2.- THERMODYNAMIC CONSTANTS FOR HEAT CAPACITY OF VAPOR, ENTROPY, AND ENTHALPY 
Constant  1 
-4.35 x 10' 0 
1-3.84 lo2 1 -6.92 x I O 1  
1.18 105 9.20 104 
9.96 x l o1  
2.11 x IOo,. 
3.39 x l o1  
2.51 x 10' 
3.27 x 1uL-* -3.22 x lo-' I .1.46 x l0:I 1.64 x 10-1 
Value o f  c o n s t a n t  for f luorocarbon - 
CF4 
1.26 x l o2  
1.79 x 10' 
-3.82 x 
0 




1.79 x lo2 















3.33 x l o2  1 7.32 x l o 1  
8.73 x 10-1 2.63 x loo, 
C4F8 
3.93 10-5 
4.44 x 10-2 
-2.07 10-5 
1.11 x 100 
-2.57 x .  10-5 
3.98 x 10-8 
9.73 x 10-12 
-2.52 10-7 
4.16 x lo1 
5.09 x lo1 
4.76 x 






9.42 x l o1  
2.78 x 10' 
5 .25 x lo-' 
0 
-2.20 x 10-6 
-7.04 x 102 
2.84 104 
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4.28 x 10' 
-1.30 x l o1  
3.29 x l o 2  
-1.45 x lo2 
-2.37 103 -4.42 103 
7.18 x 4.36 x 10-1 
0 0 
I 
1 3.31 x 10 
-9.26 x 10' 
3.69 x loe3 
0 
-2.41 x 103 
APPENDIX B 
TABLE 83.- THERMODYNAMIC CONSTANTS FOR VAPOR PRESSURE EQUATION 
. 
Constan t  
4.21 x lo1  
7.21 x lo-! 
3.14 x 
4.79 x 102 
G 
L 0 
CC12F2 I CF4 
.3.99 x l o 1  2.07 x 
-1.25 x l o1  -4.69 x 
8.51 x 1.17 x 
-1.91 103 -1.37 x 
0 7.71 x 










Value o f  cons t an t  f o r  f luorocarbon - 
CC1F2-CC1F2 C4F8 
- ~ 
2.71 x I O 1  
-6.31 x 10' 
1.56 x lo1 
-2.13 x 10' 
1.24 x -2.16 x 10- 
7.81 x 10-1 6.63 x 10- 
4.27 x lo2 3.97 x lo2 
0 
-2.84 103 -2.39 x 103 
0 I 0 
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A APPENDIX C 
THERMODYNAMIC PROPERTIES FOR ISENTROPIC EQUILIBRIUM EXPANSIONS OF 
B I N A R Y  MIXTURES OF CBrF3-ARGON AND CC12F2-ARGON 
Binary mix tu res  o f  f luo roca rbons  and argon are being used as s u b s t i t u t e  
gases t o  s i m u l a t e  high-temperature a i r  f lows  i n  t h e  f l i g h t  Mach number range 
between 4 and 10 ( refs .  3 and 4 ) .  The p r o p e r t i e s  o f  these mix tu res  are e a s i l y  
computed if it is shown t h a t  c o m p r e s s i b i l i t y  e f fec ts  on t h e  f luo roca rbons  i n  the  
range o f  i n t e r e s t  are small. 
and CC12F2 show t h a t  
i n  t he  range covered by t h e  experimental  t es t s  ( T  < 600 2 and p < 0.5 atm) , 
p r e s s u r e  effects  can be n e g l e c t e d .  The re fo re ,  these two f luo roca rbons  can be 
considered t h e r m a l l y  p e r f e c t  over  t h i s  r ange  and t h e i r  thermodynamic p r o p e r t i e s ;  
namely s, h,  and c may be cons ide red  as f u n c t i o n s  o f  t empera tu re  on ly .  An 
e x i s t i n g  computer code is a v a i l a b l e  t h a t  w i l l  handle  mix tu res  o f  t h e r m a l l y  per- 
fect  s p e c i e s  and compute e q u i l i b r i u m  r o c k e t  expansions.  
R e s u l t s  u s ing  t h e  computer code o f  r e f e r e n c e  6 are t a b u l a t e d  f o r  two r ep re -  
The t a b u l a t e d  thermodynamic p r o p e r t i e s  of bo th  CBrF 
P 
s e n t a t i v e  cases; one f o r  t h e  CBrF 
mixture .  
argon mix tu re  and one f o r  t h e  CC12F2-argon 3- 
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TABLE C1.- CBrF3-AR00N ISENTROPIC EQUILIBRIUM EXPANSION 
[ A l l  values ape in SI  uni ts ]  
Chamber Throat Exit Exit Exit Exit Exit Exit Exit Exit Exit 
Chamber pressurdp . . .  1 .oooo 1.7515 5.0528 8.1117 11.410 14.930 18.650 22.550 39.678 58.817 79.599 
p . . . . . . . . . . .  5.0626 2.8805 1.0019 0.6241 0.4431 0.3391 0.2715 0.2245 0.1276 0.0861 0.0636 
T . . . . . . . . . . .  62 57 48 42 394 
p . . . . . . . . . . .  9.3665 x lo-' 5.7949 X lo-' 2.3694 X 10-',1.5907 x 1;" 1.1948 x lo-' 9.5422 x 1;" 7.9265 X 6.7679 x 1;'' 4.2382 x 1:'' 3.0652 X 1;" 3.2923 x 1;" 
h . . . . . . . . . . . .  -778.8 -185.8 -197.6 -802.3 -805.4 -807.8! -809.7 -81 1.2 -815.5 -818.3 -820.3 








Argon . . .  1 CBrF3 . . .  - ~~~ 
. . . . . . . . . .  94.429 ?i$ 0.1260 H .! 94.4291 94.4291 94.4291 94.4291 94 .429 '  c 0.1430 0.1403 ' 0.1345 0.1316 0.1294 
a . . . . . . . . . .  : j  253.41 243.41 2 2 5 . 4 '  217.5l 212.0 207.71 204.1 
. . . . . . . . . .  . . . . . . . . .  1p : 1.17261 1.1765 1 .1855 '  1 .1904'  1.1943 1.1976 1.2005 
Mach number . . . . . .  0.000, 1 .000 ;  1.761 ~ 2.038 2.228 1 2.3731 2.491 
i 1 
I 
94 .429 ,  94.429 94.429 '  94.429 '  94.429 '  94.429 
0.1128 0.1108 0.1241l 0 .1205)  0.11751 0.1151 
1.2236,  1 .2295:  1.2345 
201.1 i86.21 181.6 177.0 113.3 
1.2031 1.2116 1 2181 
2.591 j l:ii:i 3.0901 3.2481 3.4061 3.536 
TABLE C2.- CClZF2-AROON ISENTROPIC EQUILIBRIUM EXPANSION 
[All values are in SI uni ts ]  
8.3735 11.843 15.564 
404 
0.55251 0 . 3 y l  0.2973 
,0173 x 1:55:8.1038 x lo-' 6.4793 x 
0.8001 -627.1 -631.3 0.8001 -634.4 0.8001 
1 Chamber 1 Throat I Exit 1 
19.514 23.671 42.066 62.812 85.505 116.22 . 149.25 
1;'' 
-638.9 -653.0 -654.8 
0.2371 0.1955 0.1100 0.0737 0.0541 0.0398 0.0310 
5.3870 x 1;'' 4.6031 x lom4 2.8889 x 1;" 2.0924 x 1;" 1.6349 x 1:'' 1.2806 x 1;" 1.0506 
-636.9 0.8001 0.8001,  3741 - 6 4 4 . 1  0.8001' -648.11 0,8001 -650.6 0.8601 0.8001 0.8001 
Exit I Exit I Exit I Exit I Exit I Exit I Exit I Exit 1 Exit I Exit 1 
72.332 72.3321 12.332,  72.332 72.332 12.332 72.332 '  72.332 72.332 
0.1551 0.15261 0.1505' 0.1487 0.1472 0.1330 0.1423 0.1388 * 0.1359 
C,hamber pressurdp . . 
p . . . . . . . . . .  
T . . . . . . . . . .  
0 . . . . . . . . . .  
h . . . . . . . . . .  
n . . . . . . . . . .  s . . . . . . . . . .  
c . . . . . . . . .  ? : .  . . . . . . . .  
a . . . . . . . . . .  
Mach number . . . . .  
72.332 
0.1301,  
1 .oooo 1.7723 5.1773 
4.6268 2.6105 0.89371 
1!6.2843 -595.3 x :?r .8983 -605.0, x l ? d l . 6 0 1 5  -620.9 x 1:" 1 
0.8001 0.8001 0.8001 
72.332 72.332 72.332 
0.1612 0.1644 0.1583 
1.1961 1 .ZOO6 1.2100 
298.8 285.4 261.6 
0.000 1.000 1.771 
Mole Wactions: 
Argon . . . . . . . .  0.60003 0.60003 0.60003 0.60003 0,60003 0,60003'  0.60003 0.60003 0.60003 0.60003 0.60003 0.60003 0.60003 
cClzF2 . . . . . . . .  0,39997 0.39997 0.39997 0.39997 0.39997 0.39991 i 0.39997 1 0.39997 0.39991,  0.39997 0.39997 0:39997 0.39997 
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T A B L E  I.- THERMODYNAMIC AND T R A N S P O R T  P R O P E R T I E S  
O F  C C 1 3 F  AT CONSTANT E N T R O P Y  















































IJ k NPr 
































































































~ 2 3 5 6  
~ 1 3 9 1  
























129.2221 5.5436 1.1366 0.0000 
0.0000 
0.0000 




























NOT 0 .0000  





















0 .0000  
0.0000 
































































































































































































































































































- 8 3 3 0  
- 6 4 5 5  
.5025 
-3929 
- 3 0 8 5  
~ 2 4 3 3  
,1927 
-1533 





















0 2 6 2 4  
.3520 










































































































13 7.9 8 83 
140.2041 
142-3639 

























































6 . 2 4 3 8  
6.3232 














































































































































- 9 9 2 5  






















, 9969  
-9963 
.9955 
- 9 9 4 6  
.9935 
-9922 






















































0 .0000  
0.0000 
0.0000 

















TABLE I.- Continued 
IR=11.0000 



























































































.loo2 . C 8 2 4  
. O  680 
, 0563  
-0467 
-0390 
, 0326  


















































































































































































0 .0000  
0.0000 
0.0000 4 5 1 . 3 8 3 b  























0 .0000  












































































~ 9 8 6 8  
a9846 
~ 9 8 2 1  
~ 9 7 9 2  
-9760 
~ 9 7 2 3  
-9681 
~ 9 6 3 4  
,9583 
m9541 























































152 + 8 759 
































0 .0000  
0.0000 








































































































































































































































4 . 3 2 9 3  

































































































O . O O G 0  
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .0000  
0.0000 
0 .0000  
0.0000 
0.0000 






















































NOT 1.1007 -9974 1.0997 ,9969 































58 6 . O I 9  3 
588 .e889 













































k NPr h /RT T 




















































































































































TABLE I.- Continued 
S lR813.0000 
h /RT a cD/ R Y 2 P P T V 
316.4638 18.9882 .0118 11 .0212 
386.4638 1 4 . 8 8 0 3  . 0 1 5 5  11 .2626 
396.4638 11 .7029 .O202 11 .5062 
406.4638 9 .2406 , 0 2 6 3  11.7518 
416.4638 7.3236 a 0 3 4 0  1 1 . 9 9 9 3  
426.4638 5.8255 , 0 4 3 7  12 .2486 
436.4638 4 .6495 .0560 12.4996 
446.4638 3 .7251 a0715 1 2 . 7 5 2 3  
, 4 5 6 . 4 6 3 8  2.9943 , 0 9 1 0  13 .0066 
466.4638 2.4147 - 1 1 5 3  1 3 . 2 6 2 3  
476.4638 1.9537 ~ 1 4 5 5  13 .5194 
486.4638 1 .5857 - 1 8 3 0  13.7778 
496.4638 1 .2911 - 2 2 9 3  14 .0375 
506 .4638  1.0544 - 2 8 6 4  14.2982 
516.4638 ,8636 - 3 5 6 5  14 .5601 
526.4638 .7094 a4422 14 .8229 
536.4638 . 5 8 4 4  a5468 15 .0866 
546 .4638  - 4 8 2 8  - 6 7 3 9  15 .3511 
556.4638 -4000 - 8 2 8 0  1 5 . 6 1 6 4  
158.8626 
160.8755 


















. 9 9 9 4  
,9993 
- 9 9 9 2  
- 9 9 9 1  
.9989 
.9987 
. 9 9 8 5  
.9983 
- 9 9 8 0  
,9977 
.9973 












































1 . 1 0 0 2  
1 , 0 9 9 7  
1 . 0 9 9 0  




















































0 .0000  566.4638 .3322 1 .0142 15 .8822 
576.4638 e2767 1 .2385 16.1486 






0.0000 588.8889 ~ 2 2 1 2  1 .5811 16 .4802 1.0970 
5 IRm13.5000 
r ye a c /R  P T V P h /RT 2 IJ NPr k 
409.0513 18 .9813 
15.0638 
11.9919 
- 0 1 2 9  11 .8162 165.3551. 
e0166 1 2 . 0 6 4 3  167.2936 





























~ 9 9 9 6  




- 9 9 9 2  




. 9 9 8 3  


































.0274 i 2 . 5 6 5 9  171.1055 
-0349 1 2 . 8 1 9 3  172.9780 
- 0 4 4 4  13.0742 174.8307 
, 0 5 6 2  13 .3306 1 7 6 - 6 6 3 1  



























1 . 0 9 3 3  














NO1 .0890 13 .8476 180.2681 
- 1 1 1 5  14 .1080 182.0411 
-1392 1 4 . 3 6 9 7  183.7946 AVAILABLE 3.0000 0.0000 
0.0000 m1731 14 .6325 185.5287 
.2147 1 4 . 8 9 6 4  187.2433 
- 2 6 5 3  15 .1614 188.9383 
- 3 2 7 0  15 .4272 190.6137 










-6895 - 4 9 1 9  15 .9616 193.9041 
-6008  1 6 . 2 3 0 0  195.5184 
a7293 1 6 . 4 9 4 7  197.0860 
,5744 
.4810 
' R ~ 1 4 . 0 0 0 0  
2 
"0' R Y r e  
S I  
P k NPr P h /RT a T V 
44S.4oQC 13.9928 
453.4006 15.2476 
463.5006 12.2824 ' 
473.4006 9 .9261 
483.4006 8 .0473 
493.4006 6 .5444  
503.4006 5 .3383 
513.4006 4 .3673 
593.4006 3.5833 
533.4006 2 .9483 
543.4006 2 .4325 









- 0 4 5 0  
-0563 
- 0 7 0 2  
- 0 8 7 2  
. l o 8 0  
- 1 3 3 3  
- 1 6 4 1  
- 2 0 1 4  
- 2 4 6 5  
,3008 
.3352 















1 6  a 3530 
1 6 . 5 0 1 3  
171 - 9431 
173.8117 
175.6605 
177.4  900 
179 .3006 











1 . 0 9 9 1  
1 .0985 
1 .0980 
1 . 0 9 7 4  

























































AVAl  LABLE 18 6 . 3  606 
188.0813 


















TABLE I.- Concluded 
s IR=14.5000 
C / R  Y P a 
178.6570 7.0739 1.0996 
180,4494 7.1116 1.0990 
182.2340 7.1477 1.0985 
2 
’e k N p r  T V 
k79.6769 18.9928 
409.6769 15.4253 







569.6769 3 . 2 4 3 3  
579.6769 2.7010 
I O O ~ O O O 9  2.2871 



















0 .0000  .0296 14.3887 
.0369 14.6521 
.0457 14.9166 
.0565 15.1823 189.2023 7.2781 1.0966 
.Ob97 15.4490 
.0856 15.7168 
isc.0013 7.1822 1.0980 
185.7515 7.2154 1.0975 
187.4851 7.2473 1.0970 
NOT 
AV A I LABLE 
i90.6033 7.3077 1.0962 
192.5883 7.3363 1.0958 
194.2576 7.3640 1.0954 
0.0000 







195.9112 7.3909 1.0951 
197.4207 7.4151 1.0948 
5 111~15.0000 
2 
a CdR Y ’e 
185.4784 7.2095 1.0975 1.0974 .9999 
187.2176 7.2415 1.0970 1.09b9 -9999 



















188.9407 7.2723 1.0966 1.0965 .9999 
190.6482 7.3020 1.0962 1.0960 -9999 
192.3402 7.3307 1.0958 1.0956 .9998 
NOT 
AVAl  LABLE .. .0465 i5.9418 
,0568 16.2115 
-0693 16.4821 
194.0171 7.3584 1.0954 1.0952 a 9 9 9 8  
195.6791 7.3853 1.0950 1.0948 .9990 
197.3263 7.4115 1.0947 1.0944 .9997 




0.0000 -0704 16.5058 
k N P r  a 2 cP/R Y ‘e CI P h /RT T V 







- 0 2 6 3  16.2273 
,0321 16.4981 
.0323 16.5064 
192.4495 7.3319 1.0957 1.0956 .9999 0.0000 
194.1278 7.3595 1.0953 1,0952 -9999 NOT 
AVAl  LABLE 195.7916 7.3863 1.0950 1.0948 .9999 197.4411 7.4123 1.0946 1.0945 .9999 


















292  -7848  
302.7848 
312  - 7 8 4 8  











4 4 2  - 7 8 4 8  












- 0 0 1 9  
- 0 0 1 9  
V 
,1104 
- 0 8 4 9  
.0657 
- 0 5 1 1  
-0400 
- 0 3 1 5  
- 0 2 5 0  
.0200 
.0160 
- 0 1 3 0  
,0106 
- 0 0 8 7  
,0072 
-0060 
- 0 0 5 0  
.CO42. 
,0036 
, 0031  




TABLE 11.- THERMODYNAMIC AND T R A N S P O R T  P R O P E R T I E S  




































































s /R = 7.0000 
P 
a c /R  
m/sec 
Y 
112.C243 13.9329 8 8 8 4  
109.5125 15.9587 2.1247 
108.1905 18.3336 2.4039 
1 0 8 - 6 4 9 3  20.5504 2.6612 
111.3530 21.7374 2.7891 
116.4876 21 .4366  2.7351 
123.9970 20.1322 2.5645 
134.1014 18.5440 -2.3691 









































































- 8 2 8 7  
.a577 
- 9 1 7 2  
1.0097 
1 .1331  
1.2893 
1.3327 















- 8 9 2 2  
,8983 









- 5 4 0 3  

















. 7 6 3 1  
- 7 3 4 1  
.7041  
- 6 7 4 1  
- 6 4 4 9  
.6178 
- 5 9 4 1  
- 5 7 5 1  
- 5 6 2 0  
.5559 
,5576 
- 5 6 6 4  
2 N-Vm 










. l l 2 1 € - 0 4  
s l l b 6 E - 0 4  
. 1 2 l l E - 0 4  
- 1 2 5 7 t - 0 4  
-1305E-04 






. l 7 2 4 € - 0 4  
-1814E-04 
-1919E-04 
. 2040€-04  
-2183E-04 
.2350E-04 
- 2  54 5E-04 
e2772E-04 
. 3 0 3 2 E - 0 4  
. 3 3 0 3 € - 0 1  
k 

























~ 2 1 5 7 t - 0 1  

















- 5 9 6 5  
,6081 





- 7 0 1 5  
- 7 2 4 3  
m7512 
~ 7 8 4 1  
- 8 2 4 7  











TABLE 11.- Continued 







































































371  -2987  
381.2987 





441  -2987 
451.2987 









- 6 4 9 1  
a4856 




~ 1 2 3 2  






































, 0 4 3 3  


















































- 0 5 3 0  
075 5 












































































































14 4 4079 































































S I R -  8.5000 
c / R  
P 
5.0512 






















































































































, 9761  
,9611  
.9493 


















































- 9 7 0 7  
~ 9 6 5 5  '. 9593 
m9520 








- 8 1 6 1  
- 7 9 2 4  
- 7 6 7 6  
- 7 4 2 4  
- 7 1 7 5  
-6940 
- 6 7 2 8  
. 6 5 5 1  
.6419 
. 6 3 4 3  
.6332 
- 6 3 9 5  
, 6 5 4 3  
Z 
- 9 9 4 6  
- 9 9 3 7  
- 9 9 2 5  







- 9 7 1 1  
,9658 
- 9 5 9 6  
- 9 5 2 4  
.9440 
. 9 3 4 3  
-9232 




- 8 4 4 7  




- 7 4 5 0  
.7284 
- 7 1 4 9  







































.9 360 E-05 


































































-94 9 5 E -0 2 
~ 1 0 0 4 E - 0 1  
~ 1 0 5 9 E - 0 1  
.1115E-01 . i i 5 i i - o i  
.1228E-Ol 
~ 1 2 8  5E-01 
-1343E-01 

























- 5 6 0 0  
- 5 6 8 1  
a5762 
.5844 








- 6 0 0 7  
.6972 
- 7 1  69 
7404 















. 5 4 4 3  
-5514  
.5583 
- 5 6 4 9  
-5714 
.5777 
- 5 8 4 0  
- 5 9 0 3  
- 5 9 6 6  





- 6 4 1 1  
~ 6 5 0 8  









- 8 6 8 1  
.a995 
.9276 
- 9 5 1 1  
. 9 6 9 1  
e9816 
e 9 8 1 2  
61 
TABLE 11.- Continued 


































































4 0 6 . 3  574 
416.357k 







49 6 a 3  574 
506 a3574 
516 ~ 3 5 7 4  





































































































8 . 4 3 3 0  





























128 t 529 
130.7791 























162 Q 1451 
162.2922 






199 ~ 3 6 1 8  
212.6690 
222.1073 














































































































































































-1253E-01 ~ 5 7 8 6  
.1310E-01 -5835 




























TABLE 11. - Cont inued  
S I R .  9.5000 
T V P h/RT a c,,/ R Y 
172.8194 17.0591 a0069 5.4941 118.4254 4.7308 1 .1821 
182.8194 12.4499 .0100 5.6695 121.4300 4.8907 1.1760 
192.8194 9.1360 .O l43  5.8505 124.3567 5.0459 1.1699 
202.8194 6.7393 .0204 6.0370 127.2099 5.1966 1.1644 
212.8194 4.9966 . - 0 2 8 8  6.2286 129.9936 5.3428 1.1595 
222.8194 3.7228 .0405 6 . 4 2 5 3  132.7106 5.4847 1.1551 
232.8194 2 .7871 . 0565  6.6267 135.3632 5.6225 1.1511 
242.8194 2.0963 - 0 7 8 3  6.8327 137.9528 5.7564 1.1475 
Z y e  I-1 k 
1.1816 .9990 .7225E-05 .6428E-02 
1.1746 ,9988 ,7671E-05 .6936E-02 
1.1683 .9986 ..8114E-05 .7450E-U2 
1.1625 e9983 -85536-05 -7970E-02 
1.1572 ~ 9 9 8 0  -8988E-05 -8496E-02 
1.1524 .9977 -942OE-05 .90286-02 
1.1479 ,9972 .9847E-05 -95649-02 
1.1438 .9967 .1027E-04 . 1 0 1 l E - 0 1  
NPr 
m5023 
a 5 1  1 0  
- 5 1 9 2  
, 5268  
.5339 
a5406 
~ 5 4 6 9  
a5527 
252.8194 1.4840 - 1 0 7 9  7.0430 140.4802 5.8866 1.1443 1.1399 a 9 9 6 1  -1069E-04 ~ 1 0 6 5 E - 0 1  - 5 5 8 2  
262.8194 1.2022 .1476 7.2575 142.9452 6.0132 1.1414 1.1361 .9954 .1111E-O4 . l l Z O E - b l  , 5633  
272.8194 ~ 9 1 6 5  .ZOO9 7.4759 145.3472 6.1365 1.1389 1.1326 .9945 .1152E-O* - 1 1 7 5 E - 0 1  - 5 6 8 2  
282.8194 e7017 .2717 7.6979 141.6843 6 . 2 5 6 7  1.1366 1 .1291 .9935 -1193E-04 .1231E-01 ,5727 
292.8194 - 5 3 9 6  .3653 7.9233 149.9540 6.3741 1.1347 1.1258 .9922 -1233E-04 .12876-01 - 5 7 7 0  
302.8194 - 4 1 6 6  . 4 8 8 6  8.1511) 152.1525 6.C888 1.1330 1.1224 ~ 9 9 0 7  .1274E-O4 .1344E-O1 ,5811 








3 w . e i 9 4  
402.8194 





- 2 5 1 5  
- 1 9 6 6  
- 1 5 4 4  
- 1 2 1 7  
a0963 
e0766 
- 0 6 1 1  
- 0 4 9 0  
- 0 3 9 5  
.0320 
so260 

























l b 8 . 6 k 6 3  
1 6 9  5334  
170.2509 
















8.2029 l . l b 5 7  
1.1156 .9nt.9 
1.1120 .9845 
1.1083 - 9 8 1 6  
1.1044 a9782 
1.1002 - 9 7 4 2  
1.0956 - 9 6 9 6  
1.0907 .9643 
1.0854 - 9 5 8 2  
1.0797 m9513 
1.0735 - 9 4 3 4  
1.0670 - 9 3 4 5  
1.0603 - 9 2 4 7  
1.0535 - 9 1 4 0  
1.0470 - 9 0 2 4  
~ 1 3 5 3 E - 0 4  -1458E-01 
~ 1 3 9 3 E - 0 4  -1515E-01 
~ 1 4 3 3 C - 0 4  .1574E-01 
.1472E-O4 .16336-01 











- 5 9 2 3  
.5958 
,5993 
, 6028  
-6063  
~ 6 0 9 9  
6138 
a6178 





462.8194 .0120 23.2416 31 .8624  171.7106 8.3511 1.1756 1.0411 - 8 9 0 1  -1954E-04 .23646-01 ,6521 
472.8194 .0101 27.9738 12.0664 171.9291 8.5098 1.1812 1.0366 ,8773 .2011E-O4 .2446E-01 r 6 6 1 0  
482.8194 -0085  33.4335 12.2638 172.2454 8.6795 1.2007 1.0341 - 8 6 4 3  ~ 2 0 7 4 E - 0 4  .2532€-01 ,6716 
492.8194 .0072 39.6814 12.4547 172.7887 8.8597 1.2159 1.0348 .e516 -2144E-04 .ZbL'.E-Ol e 6 8 4 0  
502.8194 .0061 46.7943 12.6394 173.7096 9.0489 1.2327 1.0398 - 8 3 9 5  .22226-04 .27216-01 ~ 6 9 8 2  
512.8194 .0053 54.8606 12.8187 175.1811 9.2437 1.2506 1.0503 .8288 .2311E-04 .2825E-01 r 7 1 * 2  
522.8194 . 0045  b3.9903 12.9936 177.3874 9.5389 1.2689 1.0678 - 8 1 9 8  .2411E-04 ~ 2 9 3 8 E - 0 1  - 7 3 1 9  
5 j I . 8 1 9 4  . 0040  74.3234 13.1653 1 8 0 - 5 1 1 8  9.6278 1.2867 i .0936 - 8 1 3 4  .2525E-04 .30596-01 - 7 5 0 7  
542.8194 .0035 81.0381 13.3354 184.7266 9.8030 1 .3031 1.1287 . e 1 0 1  -2653E-04 -3190E-01 ,7702 
152.8194 .0031 99.3583 13.5054 190.1928 9.9575 1.3173 1.1742 - 8 1 0 6  .27986-04 . 3 3 3 2 t - 0 1  ,7899 
W.01H e0027 114.S606 13.6772 197.0838 10.0863 1.3285 1.2311 .a154 .29616-04 .3487E-O1 ,8089 
r*.rlr* .OOZ4 131.9855 13.8527 205.6485 10.1857 1.3364 1.3013 .e253 a3142E-04 -3657E-01 ,8269 
IOL.0194 - 0 0 2 2  152.0628 14.0341 216.3312 10.2519 1.3404 1.3889 - 8 4 1 0  -33436-04 .38416-01 . 8 4 2 8  
W O . O O W  .DO21 165.7765 14.1482 224.1746 10.2734 1.3406 1.4538 - 8 5 3 8  .347+E-04 .3961€-01 - 8 5 1 2  
63 
TABLE 11.- Continued 















































































5 3 4  -8354 
544 .a354 
554.8354 















1 .0121  
,7813 
. .bo56 
- 4 7 1 3  
-3682 
.2888 
- 2 2 7 3  








- 0 3 1 6  
.O259 
.0214 








~ 0 0 4 8  
~ 0 0 4 2  
- 0 0 3 7  
.0033 
. 0031  
P 
- 0 0 7 7  
,0110 
- 0 1 5 6  
a0219  
.0305 
. 0422  
- 0 5 8 1  
.0795 




- 3 5 0 7  































































13 .844 l  

























169. 6 4 2 4  
170.6589 
172.1693 






1 7 9 - 3 6 5 4  
179.9785 
180.5698 




























































































i . i n o i  
z 
.9993 
- 9 9 9 1  






- 9 9 7 1  
~ 9 9 6 6  
.9959 
- 9 9 5 1  
- 9 9 4 2  
,9931  
- 9 9 1 8  












- 9 3  68 
~ 9 2 8 2  
- 9 1 9 0  




~ 8 7 1 1  
- 8 6 3 4  
.e535 
- 8 5 2 2  
a 8 5 4 2  
.85bl 
.n574 






~ 1 1 1 9 E - 0 4  






























~ 2 8 3 5 E - 0 4  
.2892E-04 























-193  b E-01 
.1997E-01 



















- 5 4 1 1  




- 5 6 7 3  
- 5 7 1 5  
.5754 
- 5 7 9 1  









- 6 0 6 7  
6 0 9 3  
- 6 1 2 0  
- 6 1  50 
- 6 1 8 2  





~ 6 4 6 9  
.6548 
e 6 6 4 1  
.6749 
- 6 8 7 1  
.70b8 
- 7 1 5 7  



















































































































































- 0 5 6 8  
.C468 
-0387 
- 0 3 2 2  
-0268 





















- 4 4 0 8  
.5754 
.7477 












































































































































13 6.0 4 8 2  
139.4558 
142. C l L O  
144.5186 




























































































































































































































































































































~ 9 9 6 9  














































































































































































































































a 6 1  69 
a 6198 











































- 6 2 6 4  
-6309 . b348 
.59ae 
65 
TABLE 11.- Cont inued  
SIR-11.5000 
c /R P 
6.0198 
6 . 1 3 5 9  
















































1 . 1 1 8 2  
1 .1167 
1 .1154 







1 . 1 0 9 3  
1 . 1 0 9 1  















- 9 9 9 6  
, 9 9 9 6  
.9995 
,9994 
- 9 9 9 2  
a9991 






, 9 9 7 0  
.9964 
.9958 
- 9 9 5 1  
- 9 9 4 2  
-9932 






~ 9 8 1 4  
.9788 
. 9 7 5 9  
,9695 
- 9 6 5 9  
,9622 





, 9 9 9 7  
, 9 9 9 6  
- 9 9 9 6  
.9995 
. 9 9 9 4  
.9993 
,9992 
- 9 9 9 0  
.9988 
-99.86 
. 9 9 8 3  





- 9 9 5 6  
,9949 
, 9 9 4 1  
-9932 
- 9 9 2 1  
- 9 9 1 0  
.9896 
a9882 
- 9 8 6 5  
.9847 
- 9 8 2 8  
e9806 
, 9 7 8 3  
.9?II 






























- 6 0 7 1  






- 5 7 2 1  
,5754 
,5785 
- 5 8 1 3  
.5839 
~ 5 8 6 2  
.5883 
- 5 9 0 1  
-5918 





- 5 9 8 1  
.1987 





6006 . 6008 
. b o l o  
.b012 . 6OlY 
e6010 
6023 




1 . 1 3 4 3  
1 .1316 
1 .1290 
1 . 1 2 6 6  
1 .1243 
1 . 1 2 2 2  
1 .1202 
1 . 1 1 8 3  
1 . 1 1 6 5  











1 . 0 9 7 2  
1 .0955 
1.0938 
1 . 0 9 2 0  
1 .0902 
1 .0884 
1 . 0 8 6 7  
1 .0850 
1 .0835 
1 . 0 8 2 2  
1 .0814 
1 . 0 8 1 1  
1 .0812 











































































































































. l o 7 8  
. 1 4 1 6  
e1837 




- 6 4 8 0  
- 8 2 3 9  




























































































































































































4 b l . 1 6 0 1  
471.7bOl 
4 8 1  .?bo1 
491 m7601 
.0116 
~ 0 1 5 6  





















.175 3 E-04 














~ 0 8 2 5  
. l o 7 3  































159.8  8 30 
162.1304 
164 -3451 













192.0  510 
193 .7785 
195.4683 
1 9 7 - 1 1 9 1  
















-1959E-01 . 2016E-01 
-2074E-01 




















- 3 7 5 2  







. 2 1 H  
-1189 





































328 - 4 2 3 6  
3 3 8 . 4 2 3 6  
348.4236 
358.4236 
3 6 8 . 4 1 3 6  
378.4236 
388.4236 















5 4 8 . 4 2 3 6  
558.4236 
















































- 4 6 1 7  
0 3 7 8 1  
.31C6 
d 5 5 8  
.Z112 
.174Q 
- 1 4 5 2  
- 1 2 0 9  
- 1 0 0 9  
.OS45 
~ 0 7 0 9  
.0597 

















~ 6 4 3 5  
- 5 2 9 3  
- 4 3 6 6  
- 3 6 1 1  
m2994 
. 2 4 8 8  
a2073 
- 1 7 3 2  
- 1 4 5 1  
.1218 
- 1 1 6 2  
P 
- 0 1 2 7  
- 0 1 6 8  
.0221 
- 0 2 9 1  
-0380 
~ 0 4 9 5  
- 0 6 4 2  
-0829 
a1067  
- 1 3 6 7  
- 1 7 4 5  
.2220 
- 2 8 1 3  
.3553 
- 4 4 7 2  
a5609 














- 0 1 3 8  
.0180 
- 0 2 3 5  
.0305 




- 1 0 6 0  
- 1 3 4 4  
.1700 
- 2 1 4 2  
- 2 6 8 9  
-3366 
.4199 
- 5 2 2 2  
- 6 4 7 4  
.a002 










































9 ,9952  
10.2557 







































191.9 4 4 1  




















1 8 0  . I 1 4 6  
182.1165 
184.0943 
































































































































































































. 9997  
.9996 
.9995 
. 9994  
.9993 
.99 9 2  




~ 9 9 8 2  
,9979 
- 9 9 7 6  




- 9 9 5 0  
- 9 9 4 2  
. 9 9 3 4  
- 9 9 2 5  
.9914 
e9903 











. 9 9 9 5  
.9994 
.9993 





- 9 9 8 1  
.9979 
.9975 
- 9 9 7 2  
~ 9 9 6 7  
-9963 
.9958 
, 9952  




- 1 3 7  2 E-04 
m1410E-04 
-1448E-04 














~ 1 9 8 0 E - 0 4  







































.154 lE -01  
.1597E-01 
,1654E-01 
,171 lE -01  
.1768E-01 
.1825E-O1 
















. Z ~ O ~ E - O I  































- 5 8 0 3  




- 5 9 1 0  
,5925 
.5938 
- 5 9 5 0  
.5959 
- 5 9 6 7  
.5974 
- 5 9 8 0  
. 5984  
,5987 
.5990 
- 5 9 9 1  
- 5 9 9 2  






. 5989  
.5989 
.5989 
- 5 9 9 1  
~ 5 9 9 1  
NPr 
- 5 8 6 9  
. 5 8 8 9  




. 5 9 5 6  
.5964 
.5971  




- 5 9 8 6  
.5987 







- 5 9 7 1  









405  a1236 
415.1236 
425.1236 













5 6 5 - 1 2 3 6  









































- 6 0 5 6  
e5030 
- 4 1 8 8  
.3495 
.E924 

















- 9 9 5 6  
-8287 
- 6 9 1 3  






.o 4 9  
- 0 3 1 9  
~ 0 4 0 8  
- 0 5 2 0  
- 0 6 6 0  
-0835 
- 1 0 5 2  
- 1 3 2 2  
-1655  
- 2 0 6 7  
- 2 5 7 2  
a3191  
. 3 9 4 6  













~ 0 4 2 2  
- 0 5 3 1  
-0668 
-0836 
- 1 0 4 4  
- 1 2 9 9  
e1612 
~ 1 9 9 5  
, 2 4 6 1  
- 3 0 2 7  
~ 3 7 1 3  
- 4 5 4 2  
- 5 5 4 1  
a 6743  




















































































i s  3.6 703 
199.2309 
201.0472 
Z O Z  .8 4 53 
204.6255 
20 6.3 879 
208.1328 
209.8605 


























s 1 9  -14.0000 
































































































































. 9 9 8 1  
.9979 
- 9 9 7 6  
.9973 
- 9 9 6 9  


























.1621E-O4 ~ 1 8 6 3 E - 0 1  
.1657E-O4 :192OE-O1 















.2  193  E-04 












. Z O O O E - O 4  
.2033E-04 


































- 5 9 3 2  
.5944 
.5954 









- 5 9 8 2  
- 5 9 8 0  
,5977 
,5974 
- 5 9 7 1  
- 5 9 6 7  
- 5 9 6 4  
- 4 9 6 0  
- 5 9 5 6  
.5955 
NPr . s 9 5 4  
- 5 9 6 2  
- 5 9 6 8  
.5974 
.59?8 








- 5 9 7 2  
- 5 9 6 8  
- 5 9 6 4  
e5960  
.5955 
- 5 9 5 1  
.1949 
68 






















































. 9998  
.9997 
.9997 
















































































































- 0 1 7 4  
. 0 2 2 0  
.O277 
- 0 3 4 7  
,0435 
- 0 5 4 3  
- 0 6 7 5  
- 0 8 3 8  
a1036 
.1278 
- 1 5 7 1  




- 4 2 4 6  








- 0 6 8 3  
-1029  
.1258 
. I 5 3 3  
. l a 6 5  
a2225 
. 0 8 4 0 ,  
P 
. 0200  
. 0 2 4 8  
- 0 3 0 6  
.0377 
e 0 4 6 3  
- 0 5 6 6  
e0691 





- 5 2 6 3  
-0322 
-0392  















5.66 -7997  
576.7997 























- 5 9 8 1  




- 5 9 8 0  
.5977 
.5974 
- 5 9 7 0  




- 5 9 5 8  
- 5 9 4 6  



















































































































- 5 9 8 2  
- 5 9 8 1  
.5978 
- 5 9 7 6  
-5972  
- 5 9  69 
.1964 








- 5 9 7 0  
5966 
- 5 9 6 2  
.5957 
-5952  






















.2  237E-01 
22651-01 
IR-15.5000 



























































; I R ~ 1 6 . 0 0 0 0  
Z N k 
a YR Y ‘e 
202.G728 8.0421 1.0995 1.0994 -9999  ~2113.5-04 .2690E-01 -5968 
203.8800 8 .0845 1.0989 1.0988 -9999  .2145E-O4 .27471-01 -5964 
205.6714 8.1257 1.0983 1.0983 -9999  .21761-04 .2803.5-01 -5959  
207.4472 8.1658 1.0978 1.0977 ,9999 .2207E-O4 .28601-01 - 5 9 5 4  
209.2077 8.2050 1.0973 1.0972 ,9999 .22381-04 .29161-01 -5949  
210.7096 8.2379 1.0969 1.09b8 ,9999 -2265E-04 .Z965E-Ol - 5 9 4 1  
T 
540.2907 






TABLE 311.- THERMODYNAMIC AND TRANSPORT PROPERTIES 
OF CBrF3 AT CONSTANT ENTROPY 
s I R  = 4.5000 
T 
K 
329 .3316  
339.3316 
349 .3316  










. 0282  
.O222 
. 0176  
a 0 1 4 0  








. a 0 2 7  
. O C 2 4  




- 2 8 5 6  
. e 1 5 1  
e1629 
, 1 2 4 1  
- 0 9 5 1  
- 0 7 3 3  
- 0 5 6 8  
.0443  
- 0 3 4 7  
- 0 2 7 4  
.O218 
. a174  
- 0 1 4 1  
- 0 1 1 4  
.0094 
- 0 0 7 7  
.0065  
. 0 0 5 4  
.0046 
- 0 0 3 9  
, 0 0 3 4  
a 0029 




a Y 'e c /R P Z 
. 9303  
~ 5 0 7 7  
.4?Ce 
~ 4 8 5 5  
. 4 7 7 7  
Z 
a 8 9 7 1  







, 7 3 3 7  
e6785  
e6555  
, 6 3 5 5  
- 6 1 9 3  
- 5 0 7 7  
.bo12 
. 6008  
s 6019  
P NPr CI k 
N-Ym2 W m - K  atm m/sec 
91 .3790  13 .1268  ' -6534  , 8 5 6 4  
92 .7723  14.9682 2 . 9 6 n 3  . n i 4 9  
92 .9157  l a d 7 2 3  3.1344 .9612  
lU1 .0113  1 5 , 9 8 6 5  3.075G 1 .0584  
106.6154 1-,.1359 Z.8957 1.1601 
3 1 . t t C 7  
36 .3?26  
41 .7326  
48 .1k40  
54.2006 
* .2381  
4 .2451  
4 .2430  
4 .2196  
4.1894 
IJ k NPr a cp/R Y Y e  h /RT T P 
2 52. 6410 
262  -6410 
272.6410 
2 8 2 . 6 4 1 0  
4 .4203  
5.7296 
7 .3354  
9.2741 
11 .5751  
1 4 . 2 C 3 8  
17 .3603  
20 .8839  
24 .8552  
29.3C83 
34.2976 
33 .9097  
46 .2738  
53 .5741  
62.0617 















4 . 9 5 1 1  
4.9486 
4 .9410  
4 . n i z b  
1 1 6 - 8 7 6 8  4 .d594  1.215H 1 .0797  
117 .0209  5 .0338  1 . 2 2 7 7  1 .0031  
116.8241 5 .23L1  1 . 2 4 3 F  1 . 0 4 5 4  
116.3C43 5 .45>7  1.265) 1.6263 
1 1 5 . 5 C i J  5 .7116 1 .2924  1 .0078  
. a 5 7 3  
. n 3 7 4  
. a 6 1 7  
. a 7 5 5  
.U63d 
- 9 0 3 6  
.930u 
a466d 
l m J 1 2 1  
1 .0669  
292 .6410  
302  e6410 
312.6410 
322.6410 
332. 6410  
114 .4783  6.5061 1 . 3 2 7 4  .98Yl  
113 .3394  6.3542 1 .3716  .9718  
112.2165 5 .7396  1 . 4 2 6 4  - 9 5 7 4  
111 .2818  7 . 2 2 8 8  1 .4925  - 9 4 7 6  
110 .7333  7.7629 1 . 5 6 9 4  .9447  342 .6410  
3 5 2 , 6 4 1 0  
362 .6410  
372  -6410  
30 2 .8410  
392 .6410  
4 0 2 . 6 4 l 0  
405.1690 
110.7900 a . 3 4 0 3  1 .6540  . Y 5 l l  
111 .6811  d.3428 1 .7394  .9094 
1 1 3 . 6 2 4 9  9.4V25 l.6lSO 1.0521 
. 2156€-34  .1507E-01 1.1290 
.22'11€-04 .1621E-01 1 .1941  
. 2 4 4 3 t - J 4  . 1 7 4 b f - J 1  1.2544 
116 .8208  9 . 9 2 2 7  1 . 8 6 8 5  1 .0513  
121.436d 15 .1722  1 .8938  1 .1189  
.2613E-04 .lEM5€-01 1.3008 
.3033E-04 . 2 2 3 C E - 0 1  1 .3252  
.3109E-J4 .2267E-01 1 .3203  
. z a i i ~ - a 4  . Z U ~ B ~ - O L  1 .3254  
a 
1 1 2 . 2 6 0 8  





1 . 1 8 1 1  
1 . 1 7 8 4  
1 .1766  
1 . I 7 5 9  
1 . 1 7 7 4  
1 .1802  
1 .1846  
1.15110 
1 . 1 9 9 6  
1 .2108  
1 . 2 2 5 1  
1 .2429  
1.2648 
1 .2910  
1 .3219  
1 . 3 5 7 1  
1 .3960  
1 .4371  
1 , 4 7 7 9  
1 .5154  
1 .5462  
1 . 5 6 7 3  
1 .5771  
1 . 5 7 5 6  
1 . 1 7 5 7  
Z 
. 4 6 4 1  
.Ye05 
, 9 7 6 3  
.9712  
b9651 
. 9 5 8 0  
$ 9 4 9 6  
, 9 3 9 8  
.9159  
, 9 0 1 6  
.uti57 
~ 6 6 8 5  
r U 5 O O  
- 8 3 0 7  
, 8 1 0 9  




- 7 2 3 6  
- 7 1 2 7  
, 7 3 5 4  
s 7021  
a7035  
.7098  




.472Gi - J2  
N P r  h /RT 






4 .1997  








5 .2306  
5.3205 
5 .4041  









196 .7958  
206.7958 
-3736 
- 5 1 9 4  
. 7 1 5 7  
.9778 
1 .3242  
3.9996 
4 .1007  
.1 G4d € 4 4  
. 1 1 ( r Z E - U 4  
.1156t-O4 
. 1 2 1 0 € - 0 4  
.936d 
- 9 5 6 2  
.$!).?I 
. 8 4 b 3  
. e 2 9 7  
. a 2 4 3  . 82 18 
.8a1, 
. n375  
1 .1657  
1 .1579  
1.1>00 
1 . 1 4 2 0  
1 .1337  
1.125U 
1 .1137  
1 .1059  
1.0955 
1 . 0 8 4 4  
1 .0727  
1 .0606  
1 . 0 4 8 4  
1 .0366  
1.0256 
1.0164 
1 .0100  
1 .0075  
1.0102 
1.01Y5 
1 .0369  
1.Ot58 
1 .1013  
1 . 1 5 0 6  
1.2124 
1 . 2 3 4 4  





116 .5699  
118 .5013  
120 .2674  
121 .8535  
1 2 3 . 2 4 4 3  




.5233 t -02  . >7>0t -G2  






1 .7780  
2.3663 
3 . 1 2 1 3  
4.0790 
5 . 2 7 9 7  
6 .7661  
8.5824 
10 .7727  
4 .5780  
4.7016 
4 .8299  
4 . 9 6 4 4  
5 .1070  
Y.2601 
5 . 4 2 5 2  
5.6Od3 
5 .8096  





7 .5283  
7.8699 
8 .4745  
8 .6937  
8.8344 
d.8195 




. 1 4 2 5 t - C 4  
. i 480E-04  







.1993 t -04  
.2079 t -04  
.2175E-04 
.22 t3E-04  
.2404E-04 
.254lE-04 
. 2 6 9 6 t - 0 4  
.3067E-04 
.3279E-J4 
. Z ~ ~ O E - G ~  
- 7  e 8 b t -0  2 
. 8447€-J2  
.9023E-O2 
125 - 3789 
1 2  b . l t 0 8  
1 2 6 . 5  670 
1 2 6 - 8 4 5 7  





3 3 6 - 7 9 5 8  
346 .1958  
356.7958 
3 6 6  - 7 9 5 8  
376.7950 




426  - 7 9 5 8  
t36.7950 
446 .WQ1 
.9 61  7 E -0 
.1023E-J1 
. 1 3 n 8 t - a i  - 8 3 4 5  
.u43n 
.d565 









1 2 6 . 5 6 7 3  
126.3231 
. 1155€-01  . l226E-01 
.1301E-J1 
.1467E-01 
.1551E-01 . 1b>7E-S i  
.1765€-Ul 





. i 3  8 i E-01 24.0914 
28.7581 
34.0525 
40 .0429  
46.8219 
126 .1550  
126 .1889  
126 .5624  
127 .4221  
1 2 8 . 9 2 6 4  1.0130 
1 .0454  
1 .3742 
54 .5144  
63.2868 
73 .3561  
84 .9994  
98.0447 
131 .2192  
134 .4447  
138 .7356  1 .0967  
1.1107 
i . 1 1 5 1  
144 .2154  
150 .7366  
70 
TABLE 111.- Continued 
s i l l -  5.~000 
c /R P 
3.bd43 
3. I V 8 9  
3.9117 
i . 0 2 2 9  
4.1326 
4 . 2 i l O  
4.34d4 
4.4>J1 
4 . ~ 5 1 6  
4.560? 
4.7727 
r . 8 U 4 6  
4.9'356 
5.1103 













7 . i 7 d l  
















292 - 0 6 6 1  
302 - 0 6 6 1  
312.0661 
322.5661 
332 - 0 6 6 1  
342.0661 
352.0661 
362 ,0661  
372.0661 
382.0661 
3 9 2 - 0 6 6 1  




4 4 2 . 3 t b l  
452.5061 
462.3661 
472 .3661  




























406 - 0 0 5 3  


















- 4 2 9 5  
- 3 2 5 7  
. 1 9 0 1  
- 1 4 6 3  
- 1 1 3 2  
.Ob80 
~ 0 6 b 8  
- 0 5 4 0  
- 3 4 2 6  
,0339 
.02 70 
- 0 2 1 7  
- 0 1 7 6  
.0143 
. O l l E  
so09 7 







.0U28 . J024  
. 0 0 2 2  . 00 19 
. t 4 8 2  







1 . 1 8 4 1  
.E943 
- 6 7 8 8  
- 5 1 7 7  
- 3 9 6 7  
.3053  
,2361  
. I 8 3 3  
- 1 4 3 0  
. I 1 2 0  
. 0 8 8 1  
- 0 6 9 7  
.a553 
, 0 4 4 2  






- 0 1 0 6  




- 0 0 4 7  
- 0 0 4 1  
- 5 0 3 6  
-0031 
.OO28 





. C t 8 7  
.09b0 
- 1 3 8 5  
.194C 
.2695 

























94.75 1 2  
109.3669 




- 0 3 4 1  
- 0 4 8 5  
- 0 6 8 3  
-0955  
- 1 3 2 5  
- 1 8 2 5  
- 2 4 9 5  
- 3 3 9 0  
.4575 


























































6 . t 7 2 2  
3.6337 
















































119 .0087  















13d.  3679 










170 .1902  
a 
102.2917 















1 3 6 - 2 9 1 7  
















.I 62.9 l d 4  
1 6 6 - 6 6 1 4  
171.0766 
176.2429 
182 .246u  














4 . 6 t J 1  
4.7025 
4 .8593 





5 . 4 5 2 n  




3 . 5 4 2 9  

















1 .1321  
1.1772 
1.1778 
' 1 . 1 5 9 1  
l . l t 0 O  
1.1635 






1 .1471  
1.1719 





1 . 2 4 J 5  
1.2600 


















































1 . l d l ) O  









1 .1251  
1.1184 
l . I i 1 . 5  
1.1043 
1. ~ 9 6 0  
1.0Y90 













l . l i Y 6  
l e i 1 5 5  
1.2701 
1.3176 
. V 9 5 8  






. 7B31  




. Y 5 0 t  
.9426 
. 9 3 2 3  
- 9 2 1 5  
. J O 9 8  







. i lJY6 
.)Ye7 
.7931  




. 7 i 5 0  
2 
'e 
1.2011 aYY86.  
1 ,1951  -9783 
1.1877 .qua0 






1 .1481  e9920 
1.1433 .7.)04 
1.1307 .VSb4 
1 .1341  air661 
1 . i 2 9 4  .3834  
1.1247 - 9 8 0 2  
1.12~0 .Y765 
l . l l 5 i  .Y722 
1.1131 .9073 
1.1050 - 9 0 1 7  
1.0999 - 9 5 5 4  
1.0947 e9495 
1.0897 d 4 G 8  
1 . 0 9 4 9  ~ 9 3 2 5  
1.0bO6 ~ 9 2 3 7  
1.0770 a 9 1 4 5  
1.0745 -9050 
1.0735 - 6 9 5 6  
1.0744 - 8 3 6 3  
1 .0777  - 8 7 7 6  
1.0838 - 8 5 9 7  
1 .0954  - 8 6 3 3  
l . l G 6 8  .a578 












.I1 2 9 t - 3 4  





. 1 4 4 1 t - J 4  
-14  9 3 t  -04 
.1545€-04  
.159dE-04 
. 1 6 > l E - 3 4  
~ 1 7 0 4 E - 0 4  
-1759E-04 
-1 8 1  6E-04 
.1875E-04 
. 1 9 3 4 t - O 4  
. l Y 4 7 t - 3 4  
.2OLjE-34 




.2638 f -34  
- 2 7 7 5 ~ - 0 4  
.2927E-04 
. 5 l b i t - 5 4  
-3244  t -0 4 
.3 4 5 3 t -.I 4 
- 2  5 l jt-04 
. b236E-05 . n ~ o t - o  2 
.9 3 39 t - 0 5  
.9183E-05 
. 1 6 4 2 t - 0 4  
wIG46E-04 
. 1 2 C l t - 0 4  
*1223E-54  - 1 3 ~ 4 E - 0 4  
.13  > >  t - 0 4  











* 5GZOE-04  
,2077E-04 
.2136E-34 
2 1 9 U  €-04 
,2205E-04 
I 2 3 3 8 E-04 
$ 2 4  1 7  € - 0 4  
+ 26(;Ot-04 
, 2706E-04  
-2024E-34 
.2455E-04 





. 2 j 0 4 ~ - 3 4  
k 
. 2951 t -02  






.6484 t -52  
.6CY7E-J? 
. 7 3 1 r t - 0 2  
.803oE-32 
.d558 t -02  
.9 1 0 6 i - 0  2 
.4053E-J2 
.102 lE -O l  
.1(179h-JI 
. I l 3 b E - u l  . IlY 9 t - 5 1  
. 1 2 6 2 t - 0 1  
.1328E-U1 
,1398E-01 
. 1 4 7 1 t - 0 1  
.1546E-Lr  
. l o 3 2 t - O 1  
.1718E-Gl  . l d l l E - 0 1  
.1912E-,d1 
. 2 0 2 l E - 3 1  
. 2 1 3 b t - b 1  
. 2 2  66  t -0 1 
. 24J tE -O1  
.2>50E-31 






















. d 5 0 2  
. U 6 2 9  
,8839 
.3537 
- 9 2 4 7  
-99 60 
.9063 




. a 2 4 1  
~ . u i + n  
k NPr 
- 2 1 4 5 E - i t  
- 2  64  4 E -02 
. 3 1 4 3 E - 0 2  
.3643b-G2 
,4143 t -02  
.4643E-u2 
. 5 1 4 5 t - 0 2  
. 5 t 4 t c - 3 2  
,614Pt -bZ  . 6633E-UZ 
.7155.€-C2 
-7 t67E-JZ  . U I  77 t-32 
.8b91E-02 . PZJbE-bZ 
.7730t-O2 
.1026E-(r l  
. 1 0 7 9 t - 3 1  
.1134E-01 
.118 9 E -01 
.1246E-G1 - 13u4h-01 
. l j 6 4 t - U l  
.1426E-01 





. l b6OE-U l  
. 1 9 4 7 € - 0 1  
. 2 0 4 0 k - O 1  
. 2139€-01  
.2245E-UI 
- 2 3  60 E-31 
. 2 4  83 E-01 
. 2 6 1 7 t - u l  










. t ]c72 
- 8 1 6 7  
.*dol 
. 8 J 1 2  
-79 J6  
.7y12 
.7877 
- 7 0 5 2  
,7835 
- 7 8 2 7  
.7835 
.7 t l53 
,7879 
.7916 
- 7 9 6 1  
e0017 
.u017 . a172 
- 8 2 7 2  
- 3 3 8 0  
.a517 
-865U 
. 8 8 0 5  
.8955 
.41u0 
- 3 2 3 6  
.9354 
.3448 
- 0 5 0 9  
.?a2 7 
71 
I . . .  . .. . -. 





18d.73j ' l  
1 9 6 - 9 3 3 4  














308 .9334  
398.9334 
406.3334 
+ i n .  i 3 3 4  
* 2 8 . i 9 3 4  
436 - 9 3 3 4  
4 4 5 . i 3 3 4  
458.2334 





518 . Y 3 3 4  
5 2 8 . i j 3 4  
536 . i 3 3 4  
54b.9534 
558.3334 

















1 .1131  
.6572 . S O 8  1 
.3545 
.3G75 
- 2 4 0 6  
. 1 8 9 1  
e 1 4 9 1  . l l b l  
. u 9 3 9  
f 3 7 5 6  . 0601 
.039,2 
.a534  
. J319  
.J260 
.ci14 
. D l 7 7  
.u147 
.J123 
. V l L ' 3  
. ' Jo t7  . OG74 
. J C t 4  
.Of355 
. b L 4 d  
. 0 0 4 2  . u c 3 7  . 1032 
.3G25 
. 3 ( ' 2 t  
.uC23 
.JO21 





. O i ? l  
.0324 
.04:3 
. 0 t 2 7  
.G853 
. i 1 7 Y  
-1621 
. 2 l t l  
. 24cc  
.3b71  
.5137 
. t 7 Y 1  . t904 










I t .  4 3  76 
12.2b7R 
2 t .  7 t  50 
3 1  .9369 
3 7. n 7 4 i. 




~ 1 . 4 9 3 b  
V4.4512 
1 C b .  6 4 4 ;  
lC4.1:7t 
14.1- 8 C 39 
1 6 1 . t 3 1 2  
174  - 1 4 4 9  
h /RT 






3 .7 ) l i l  
3.8d42 
4 . l l 2 3 1  





















7 . 4 1 0 ~  
7 . ~ 5 3 5  
7 . t 0 2 5  
7.~163 
7.94S7 
0 . ~ 5 a 3  







e .  7419 
a 
103.1984 










122 .6936  
134.7484 
l j t . 7 4 1 5  
1311.6711 
14c1.5350 
142 .331J  
1'14.0364 
1 4 7 . 2 Y i 2  






12o . tV13  
r57 .9562  






1 7.0.9 19  s 
173.9217 





i C 2 . l b 5 1  
2G7.0914 
i i , 8 .nons  
145.7109 





3 .  bS29 
3.9717 
4.3783 







i . 0 5 b S  





~ . 3 d 3 4  




i . 3262  
0 .v277  
9.1340 
o.z*!?e 
i . 3 5 2 8  
5 . . l U > h  
3.6139 
5 .7471  






7 . 6 3 ~ 1  
7.7515 
7.6201 






























1 .1547  
1.1605 
1.1673 
1 .1751  
1.1839 
1.143U 
1 . 2 0 4 4  











Y e  
























l . t i J b 6  
1.0940 





1 ,6465  













. 9v93  















- 9 8 7 1  
. 0 8 4 8  
. 9821  
.9791  





. 9 5 2 1  
.9463 












A 1 8 4  
.9272 
- 9 5 3 1  
.Yb29 










.13 1 BE-04 
.1369E-G4 
a1419E-04 
. 1 4  6 8 t - 0 4  








- 1 9 0 3 t - 0 4  
.195ZE-04 
- 2  O O l t  -04 




~ 2 2 0 7 E - 0 4  
.22CZE-04 
-2319E-04  . E379 t -04  
.2444E-04 
.2 5 13 E 4 4  
-2569E-04  
- 2 6 7 1  E-04 
.27616-04 
-286OE-04 
.29 69 E-34 
e3ubSE-04 
.3222E-O4 
.3368 t -04  
-352PE-04 









- 5 2 8 5 t - 0 2  
.5785€-02 
. 6 2 8 5 € - 0 2  . b786E-02 
.7288E-02 
- 7 7 9  1E-02 





, 1 0 8 4 E - 0 1  
- 1 1 3  6 t - 0 1  
.1189€-01  






.15 82 E-01 





. 1 9 9 3 t - 0 1  
.2073E-01 
.2158E-01 
. 2 2 4 7 E - 0 1  
. 2 3 4 2 t - 0 1  
. 2 4 4 4 t - 0 1  
.2552E-01 







- 9 6 7 6  




- 8 3 5 1  
.E226 




- 7 8 6 4  
.?E24 
- 7 7 9 0  
.7763 
-774.1 
- 7 7 2 5  
- 7 7 1 3  
- 7 7 0 6  
- 7 7 0 5  
.7708 







- 7 9 6 8  
,8039 
.E121 
- 8 2 1 3  
,8312 
- 8 4 1 7  
.E526 





- 9 0 1 1  
111 1111 I I I I I . I I I I I I I I I 1 1 1 1 1 1 1 1  11111 I 11111 
TABLE 111.- Continued 
S I R -  7.3000 














5 . 1 6 2 1  





























1 ~ 6 . ~ 8 7 5  
196.0075 
206.8875 
216. B B  75 
















4 2 6  .an75 
4 3 6 . 8 0 7 5  
4 4 6 . 8 8 7 5  







52 6 . 8 0 7 5  
536.8075 
5 4 6 . 0 0 7 5  
556.0075 
566.8875 
576 - 0 8 7 5  












. 9 6 5 7  
- 7 5 1 6  
~ 5 8 7 1  
.4604 
.3623 
~ 2 8 6 1  
. 2 ~ 6 n  . i n 0 4  
. 1 4 4 1  
.1155 
- 0 9 2 9  







- 0 1 8 9  
mol58  
- 0 1 3 3  
-0113 
0 0 9 6  
.0082 
0 0 0 7 1  
- 0 0 6  1 
, 0 0 5 3  
~ 0 0 4 7  
~ 0 0 4 1  
.0037 









i o 6 4 7  
.1178 





- 3 6 5 6  
.4793 
- 6 2 5 3  




































































7 . 2 2 ~ 8  
8.0561 
a 










1 3 8 . 9 1 6 3  
140.9228 
1 4 2 .  8 U C O  
144.7895 
146.65CI6 
i z n .  i v o n  
134 . x n a  
153.6034 


















































































































. 9 J  77 
.Y573 . V967 




- 9 9 2 4  
. 9 9 1 1  
. Y d Y 5  
.9878 
.935Y 




- 9 7 2 5  
.')ti92 
- 9 6 2 7  
- 9 6 2 1  
.958b 
. i 5 j l  







, 9 4 7 1  






* l l C O € - 0 4  
. l l 5 3 E - 3 4  
-12O:t-04 
. 1 2 f Q t - 3 4  
.1307E-04 
. 1 5 5 d t - J 4  
. 1 4 0 u t - 0 4  
.14>7t -O4 
. 1 5 ( r t t - 0 4  
~ 1 5 5 2  t - 0 4  . l o u 3 E - 5 4  
- 1 6 5 1 t - 0 4  
. 1 b V 8 t - 0 4  
- 1 7 4 5 E - 0 4  
. I 7 9 1  t-04 
.183bE-04 . JYb 4E-04 
-193GE-04 
- 1 9 7 5 t - 0 4  
.2022€-34 
.206aE-d4 
. 2  115t-04 
s 2 1 6 i E - 0 4  
.2 2 10  t -04 
.225bE-U4 
. 2 3 C 8 t - 9 4  
.235ot -G4 
- 2 4  IG c - 0 4  
. 2 4 6 4 ~ - 0 4  
~ 2 5 1 9 E - 5 4  
. 2 5 7 8 t - 0 4  
- 2 6 4 1 t - 0 4  
e2709t -34  
.2  7 t i  E-54 
- 2  b e l € - 3 4  
- 2 9 -  7€-34 
. 3 0 4 1 t - 0 4  
. 3 1 4 ? t - 0 4  
- 3  2 5 3 E-04 
. 3 2 7 9 t - 0 4  
k 
. 3 t 8 3 € - 0 2  




. 5 i n o t - o ~  
.86UOE-O2 
.9182 L-02 
. 9 6 8 j E - 0 2  
. l C l P E - S I  
. 1 C 6 9 t - J I  
-11 2GE-0 1 
.1171€-Gl  
. lZEZE-Ol  
.1274E-01 
. 1 3 2 6 € - t i l  
-1378E-01 
.1431€-01 
- 1 4 8  5 E - d l  
. 1 > 3 9 t - 0 1  
. 1 5 i 4 € - 0 1  
16>OE-u l  
. 1 7 J d € - O I  
. 1 7 0 7 t - 0 1  
. l u 2 7 t - O l  
.18YOE-S1 
- 1 9 3 4 E - 5 1  
. 2 0 2 I E - U 1  
.2091E-G1 
- 2 1 6 3 t - 0 1  
.2234E-01 
.23 1 A t  - 3 1  
.2401€-01 
- 2 4 d 9 E - 0 1  
. 2 5 8 1 t - 0 1  
- 2 6  7 9 t - 0 1  
. 2 7 8 2 t - 0 1  
.ZbO3C-O1 
.9775 
.9333 . i o c o  . a 7 4 1  
. E 5 3 8  









- 7 7 4 2  
- 7 7 1 3  
- 7 6 8 8  
- 7 6 6 6  
- 7 6 4 7  
- 1 6 3 2  
.7b19 
.760d 
. 7 6 0 1  
.7597 
- 7 5 9 6  
. 7 j 9 d  
.7605 
.7615 
- 7 6 3 1  
- 7 6 5 0  
.7672 
.77g0 
- 7 7 3 0  
.7779 
-7Y 30 
- 7 6 6 6  
- 7 9 5 2  
.aJ22 





I I I I I I I I I  
TABLE 111.- Continued 
s / a -  ~.L IWJO 
c /R P 
r.1229 
4 . 2 2 i 7  




i . 7 2 d 7  
$ .SI67  
r . 9 J L r  





~ . 3 7 2 5  
9 . 4 4 4 1  
j . J l 4 1  
3.5325 
2 . 6 4 i 3  
j . 7 1 5 4  
3.7d03 
j . 8 4 4 4  
i .VU30 
3.9714 









5 . t o J 6  
3.7395 
3 . 3  200 
2.9314 
6 . q 8 3 l  
7.0GL9 




























6 . l b 3 0  


























l . l E 5 1  
1.1241 
1.1232 















1 . 1 5 5 1  









4 . i 4 3 4  
3 . 8 0 ~ 7  
? . 3 3 3 t  
2 .2733 
I .  7 b b 3  
1. 3e06 
1 . U 8 l b  
.6:07 
. c 7 1 2  
.53 15 
..1?22 
.33 t : ,  
. Z b Y l  
.21CO 
.1?3 ' )  . lCC5 
. I 1 3 7  
J ' r Z t  
..I756 
, J6PG 
. J 5 1 0  
. 0421  . ,?49 
. 3 c 9 0  
. ' > 2 4 3  
, 0 2 0 4  
- 0 1 7 2  





.a659 . ~ 0 6 1  





c .  5 3 5 2  
5.1417 
4 d C S b  
3.li44 
2.44e6 
1. i P 5 7  
1 . 3 1 9 t  
1 . 2 0 3 1  
. 3 5 5 t  
,7615 
- 6 0 8 7  . *E82 




- 1 6 9 7  
- 1 3 8 6  
- 1 1 3 7  
.a935 
. 0 7 7 1  
. J t 3 J  
. u 5 3 1  
. a 4 4 3  
. a 3 7 1  
, 0 3 1 1  
- 0 2 6 3  
.J223 
.9189 
. O l t 2  
A 1 3 Y  
. d l 2 0  













































. Y 9 7 4  

















. 9 9 2 1  
.?912 
. 9 9 0 2  
.9883 
.9874 
. 9 8 t 5  
.9857 





- 9 8 6 8  
.9nq3 
.9a46 





.135 6 € - J 4  
. l4uSE-34 








. l d 3 3 t - 3 4  
.1923E-04 
1 9 6 b t - 0 4  
e 2  0 l 2 E - 0 4  
. 2 3 5 7 t - u 4  
.2101E-04 
. 7  1 4  5E-04 
. 2 1 8 Y E - 0 4  
~ 2 2 3 4 t - 0 4  















2 6 b . i 6 ? 9  
270. $ 5  7 9  
28C.4t 7 Y  
295.4673 





3 3 b .  4677 
3bb.4574 
376.4679 
3 d 6 . 4 t 7 )  
3 9 t . 4 6 7 9  
406.4674 
410.2675 
4 2 6 . i 6 7 9  
436.4679 









5 3 0 - 4 6 7 9  
946 -4079 
356.  +t  79 
306.4673 
576.  ,679 




3 . 7 2 1 ~  
3.8537 
1 1 0 . 6 5 4 4  
121.1173 
123.5267 
125 . t  D 5.) 
1 2 5 - 1 9 7 3  
1?3.4632 
13'1.8641 
137.C06 l  
139.100 7 
141. l t 9 7  
1 4 3 . 1 9 2 i  





132.6e , j  
1 :P. 7005 
.5158E-JZ 
.5656t-O2 






.9 6>2  t -02  
.1315E-01 
- 1 0 6 5 E - 0 1  
.7153€-02 
1 . 1 6 5 ~  
1.1609 

















l . l i 1 7  
1.1105 










































1. I O 6 5  
1 . 1 0 6 1  
1.105v 
















.79 73  
,7910 
.7a55 
- 7 8 0 9  
.7768 
.7733 


















. 7 4 8 1  
.748n 
.7499 
- 7 5 1 5  
.7535 
. 7 5 6 1  
.7592 
.7b29 












- 7 6 6 3  
.7636 
. 7 6 1 1  
- 7 5 6 6  
.7545 
. 7 5 2 4  





- 7 4 1 1  
.7394 
.73 7 7  
.7362 
. 7 3 4 8  
.7335 
- 7 3 2 3  
- 7 3 1 3  
.7305 
- 7 2 9 9  
- 7 2 9 4  
. 7290  
a7288 
- 7 2 8 8  
.75n8 
.c202 








4 . b 7 i J  
:.c334 
a.1945 





t . 2 1 2 5  
t . 3 1 5 1  
t .;5 72 
G .i456 
.L90l, 






. 3 4 7 7  
. 4 5 0 4  
.7462 
.5544 
1 . 2 1 5 7  
1 . 5 4 2 1  
1.445G 
2.45c3 





6 . 6 4 5 0  
r v . 7 7 3 3  
13 .0707 
15 .7722 










. 1 1 1 6 t - 0 1  
- 1 1 6 6 E - 0 1  
. 1 2 1 6 € - 0 1  
.1267E-31 
.1369E-01 
.142OE-01 . l i 7 1 E - 0 1  
. i 3 i n ~ - o i  
156.3301 










-1575E-0  1 
. 1 6 2 8 t - 0 1  





0 . J 1 5 1  






1 6 7 - 9 3 2 5  
1 5 4 * f 3 > 1  
171.1511 
1 7 2 .  7752 
174.48Jd 
i 7 t .  2 3 6 6  
1 7 h  - 0 7 4 3  
196.0135 
.1790E-01 
s l b 4 6 E - 0 1  








. 2 2 7 4 t - 3 1  
. 2 3 4 2 € - 0 1  
e2414E-31 
.248bE-01 








1 2 6 . 1 9 9 1  
Y 
1.1527 




1 . 1 3 7 1  
1 .1347 
1.1324 




























T h /RT k P 
. c 1 2 2  
. O l t . 5  
















+ . a 4 5 4  
', , C 5 4  6 
5 .2157 
5.3615 
2 . i a ~ 4  




- 1 5 0 9 E - 0 4  
.155b i -C4 
. loC5E-04 
-1653E-04 
- 1 6 9  9 t -04 
-1746E-34 
. 1 7 9 2 € - 0 4  
-1b37E-04 














. 2 4 & 5 € - 0 4  



















1 3 3 . 0 1 4 1  
135.2043 
137.3574 
1 3  9 - 4 7 4  1 
141.5562 
1 ? 1 3 . 6 0 4 5  .1071E-i) l  
.1121E-O1 
- 1 1 7 1 E - 0 1  
-1221E-01 
. 1 2 7 1 € - 0 1  
.1544 











. 3 3 Z C  
.4250 
. 5 4 2 1  
. 6 H e B  













1 5  7.0?b6 
i 5 Y  . R e d d  r 0 7 . 6 5 b J  
417.5560 


















. i4 72~-Oi 
- 1 5 2 3 E - 0 1  
.1574€-01 
.1625E-01 




1 4 5 . 8 ~ 2 2  


































. i 7 z n ~ - o i  
- 1 7 8 0 E - 0 1  
- 1 8 3 3 E - 0 1  
.1886€-01 
-1939E-01 
. 1 Y  94 E -01 7.4509 




. 2 1 6 l E - O l  
.2219E-01 
.2278E-O1 















l u . 1 6 j 4  
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i . 3 4 7 f  
+.331b 
2 . ~ 1 3 3  
>.U92h 
>. 1070 
, . 2 4 4 3  
> . j i b 6  
,.+74: 









5 . 0 1 5 1  
5.SbOh 
3 . 1 J 4 C  
3.1472 
5 . l d d 4  
5.2205 
9. ? 6  I S  
3.3557 
5.3432 




J .  3 0  b7 
a 
1 ? ? . 6 t O b  
i 3 5 . 8 9 7 3  
137.9472 
















1 . l l b 9  
1.1150 
1.1125 

















. 9 3 4 h  







,9 99 i i  
.9956 
. 9 3 6 7  
.93J5 
.99b3 
. 9 4 c o  
.9977 
.9574 
. 9 9 7 1  
.99bB 
- 4 9 6 4  
- 9 9 6 0  





- 9 9 3 4  









- 9 9 9 6  
- 9 V Y b  
.999: 
.9935 
. 9994  
. v 9 9 3  
d 9 9 2  




- 9 9 8 6  
.9Y84 
.9983 





- 9 9 7 1  
- 9 9 6 9  
- 9 9 6 8  
.9967 
.9967 
- 9 9 6 1  
- 9 9 6 9  
- 9 9 7 0  
k h /RT 
4 . ~ 2 9 ~  
4.7b32 




3 . 5 9 5 3  
f . 7 6 9 6  
5 . Y 4 3 3  
e.1195 
5 . i Y 3 0  









0 . 1 3 2 4  
b.3779 
3 . 5 7 3 i  
d .7774 
8 . 9 6 7 1  
4.1439 
4.3435 



































y e  





r . l Z d 7  
1.LZOd 
1.1246 













l . l C J b 9  
1 . lOb2 
l . l O b 2  
1 .1064  
l.lJt9 
1.1377 
1 . 1 1 0 5  
1.1127 
1.1149 
L. l a b 5  
i . i o n 3  
'e 
1.1324 





























~ 1 . ~ 7 1 7  'I. 7014 
c . B i l 1 4  
:.js:c 
4.1'491 




1 . 3 3 1 t  
.3597 
.0'138 
. 5 h l t  
. 4>60  
.6713 . 5032 
. L 4 8 4  
.204L, 
. 1 b b 1  
. i 3 a +  
.11;7 
- 3 9 5 6  . J i g 9  . $t, Li 8 
. r )561 











2 . > 2 4 0  
4.3964 
3.50'47 
i . 3 1 G t f  




. J 6 7 1  
. 7 b 8 0  
.b439 





, 2 0 3 3  
.1694 
- 1 4 1 6  
e1187 
.OY98 
.08 4 1  
..I711 








. i 4 2 L  
.b549 
. t i 1 3  






. 4 C l B  
. : C t ' r  
. 6 3 7 1  
.74RC 




i . P F . 4 1  






; : . h 1 0 4  
12.6734 
14 .6721 
i . 5  3 :o 
P 
.G i55  
.0203 
.02hlr 
- 0 3 4 4  




. I 1 9 6  
.1517 







1 .11zc  
1 .5649 








. 2 4 i e  
2.9998 
. 1 4 7 4 t - 0 4  
. 1 3 2 3 t - 5 4  
.1>71E-04 
.1oi,E-04 
s l b 6 ' J t - 0 4  
- 1 7 1  2 t -04 
.175l ! t -04 
.l bO4t-04  
.1 d 94 t -04 
.1962E-04 
.2G25€-34 . ZGbY E-04 
, 2 1 1 l f - d 4  
.21:.4t-1)4 
.219bt -04  
.2 2 3 7c -04 
-227YE-04 
- 2 3 2 G t - 0 4  
. 2 3 6 l t - 3 4  
- 2  4 0 2 t - 0 4  
. 2 4 4 3 € - 0 4  
. 2 4 6 4 t - 0 4  
.2524E-J4 
. 2 > 6 5 t - 0 4  
.26Cbt-G9 
.26 47L-04 
- 2  6 6 Y  t-04 
. 2 7 3 u t - 0 4  
.2773E-04 . 28L9E-04 
. i n 4 3 t - o +  
. i v 3 a t - o 4  
.8347E-02 
.884bt -02  
. i 3 4 4 t - O 2  




. l 2 d 4 E - 0 1  
v 1 3 3 4 E - 0 1  
~ 1 3 d 4 E - 0 1  
. 1 4 3 4 t - 0 1  
~ 1 4 b 4 E - 0 1  
~ 1 5 3 5 i - 3 1  
e1585E-01 
s l b 3 5 E - 0 1  
.1737E-01 
~ 1 7 b 7 E - 0 1  
. l b 3 b E - C 1  
- 1 9 4 1 E - 0 1  
s 1 9 9 3 t - 0 1  
.2042E-01 
.2CJEE-O1 





- 2 4 1  b t - 0  1 
. i i  n 4  t -01 
. i 6 a 6 ~ - o i  






- 7 6 8 2  
.7693 
.7b2b 




- 7 4 6 7  
- 7 4 6 3  
.7440 
. 7 4 2 1  
.7398 
- 7 3 7 b  
.7353 
.7330 
~ 7 3 0 7  
.72h+ 
.7262 
- 7 2 3 9  
, 7 2 1 6  
.71Y4 
- 7 1 7 3  






- 7 7 6 9  
. 7 7 3 1  
- 7 6 Y h  
e766 7 
- 7 6 3 9  
- 7 6 1 3  
- 7 5 6 4  
q7540 





- 7 4 0 2  
.7377 
.7353 
- 7 3 2 7  
. 7 5 0 1  
- 7 2 7 4  
- 7 2 4 7  
~ 7 2 1 9  
- 7 1 9 1  
- 7 1 6 2  
- 7 1 3 3  
~ 7 1 0 3  
- 7 0 7 3  
,7043 
. 7 0 3 1  
. 7 5 m  
32i . + : 4 3  
330.4533 
3 4 c .  -2u3 
3 5 0 . 9 3 d 3  







4 3 6 .  i 5 3 3  
4 4 L .  45b3  




4 4 0 . 4 5 0 3  
3 00.4  5 0 3  
510.9503 
> z i l . + j o 3  
s 3 u  .z5u3 
5 4 5 . 4 > u 3  
j 53 .4553 
5 6 3 . 4 2 5 3  
27Li. 4 5 0 3  
3 8 0 . r 2 3 3  
5 n 8 . y t a 9  







1 ~ 7 . 8 2 ' 1 5  
1 5 9 . t t u 2  
1 6 3 - 2 7 6 3  
165.0515 
1 6 8 , 5 4 2 1  
170.2622 
171.06d4 
1 7 3 . t b 3 5  
1 ~ , 1 . 4 n * i  




1.1 0.4Ga 1 
1.12.1115 
135.5871 
i h 3  .e355 
1E7.3614 
183.2250 
I 93.8 2 d 1 
s t * =  'i.2000 
c / R  
P 






j . 4 8 1 6  
3.343t 
5.0573 





















1 4 1 . 0 7 5 4  
143.1500 
1 4 5 , 1 9 4 4  










































3 4 4 - 9 2 3 9  
354.4 239 
3 6 4  -9Z.39 
374.9239 
3 8 4 . 5 2 3 3  
394 .J23Y 
404.3235 





~ 1 b 4 U t - 0 4  
. l t b b E - O 4  
.1733t -04  
. 1 7 7 9 t - 3 4  
. 1 8  2 4 t -04 
.l Y13E-04 . IY 5 7 t - 0 4  
.2U31t-G4 
.204,  E-0 4 
.20b7E-04 
. 2 1 2 9 t - 0 4  
















. i n 6 9 t - 0 4  
a lG07E-01 
. lC56E-01 
. l l 0 6 t - O l  
l l 5 6 E - 3 1  
q12 0 6  E -0 I 
.1256E-01 
- 1 3 0 6 t - 3 1  
q1356E-01 
. 1 4 U b t - O l  
e1456E-01 
~ 1 5 0 6 E - 0 1  
. 1 5 5 6 t - 0 1  
. 1 6 0 6 € - 0 1  
e l 6 5 6 E - 0 1  
, 1 7 0 6 t - 0 1  












4 8 4 - 7 2 3 9  172.9927 
176.3935 
178.0793 









3 0 4 . 9 2 3 9  
514.5239 
524.9239 
5 3 4 - 9 2 3 7  
544.9239 
5 5 4 - 9 2 3 9  
564.9239 
574.9239 
584 e 9 2 3 9  
5 8 8 . 8 8 8 9  




. 2 3 7 1 t - 0 1  
.2392€-01 
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J .  5235  
j . s 8 2 8  
5 .6427  
5 .7003  
2 .7555  
2 .u3u5  
5 .b391  
5.5074 
3 .9535  
2.9’112 
5.0397 
0 .0779  
5.1149 
6 . 1 4 3 8  
o . l b 2 5  
3 .2130  
5 .2415  
5.26UO 
e. 2925  
4 . 3 1 5 1  
o .  3358 
6 .3536  
T 
351 .1382  
3 6 1 - 1 3 8 2  
371  - 1 3 8 2  
381.1302 
391.1382 
401.  A382 
411.1382 
421 .13a2  
431.1382 
441.1352 





5 0 1  - 1 3  8 2  
511.13bi: 




561  e1382 
2 7 1 . 1 3 8 2  
5d 1 - 1 3 U 2  
3 8 8 . d e d 9  
T. 
389 - 2419 
399.2419 
4 J 9 . 2 4 1 9  
419.2419 
429.2419 
439 .2413  
449 * 24 19 
459.2413 
4b9 .2419  
477 .2413  
484  e 2419 
499.2417 





559 .2419  
569.24 19 
579.2419 
58a .8889  
V 
1 1 . 1 7 1 7  
6.5076 
7.1232 
5 .7146  
4 .5977  
3. 7 i C O  
3 .0022 
2 . + 3 6 3  
1 .9126  
1.517Y 
1 .3239  
1 . J 8 6 3  
.UY37 
. 7 3 7 3  
.bO 94 
.505@ 
. 4 2 0 7  
. 3 5 0 8  
. 2933  
. 2 4 5 9  
- 2 L b 7  . f 7 4 2  . 1472  
.12k8  
. I 1 0 0  
V 
11. 1692  
9.0058 
7.2839 
5 .  9072 





1 .  7804 
1 .4716  
1 . 2 1 9 5  
1 .3132  
a 8 4 4 0  
. 7049  .. 5902  
.4955  
- 4 1 7 0  





. b 2 2 3  
e0287 
.0567  




. 1 1 9 7  
.A501 
. l e 7 6  
. 2 3 ? 7  
.29bZ 
.3‘92 
- 4 4 3 2  
.5452  
. 6 t 8 6  
.b175 
.9944  
1 .2109  
1 . 4 t 7 1  
1 .7721  
2 . 1 3 4 1  
i . 5 ~ 2 3  
2 .9467  
P 




. c 4 9 2  
.O t17  
.C772 
.CY63 
. 1 1 9 7  
.1482  
. l b 3 1  
- 2 2 5 4  
. 276b  
.33RL: 
. 4 1 3 4  
. 5 0 3 0  
- 6 1 0 3  
.7383  
.by07 
1 . 0 7 1 3  
1 .2767  
2 . 7 5 3 0  
5 .9573  
6 .1340  
6.3132 
6.494b 
6 .6783  
t . 0 6 4 0  
7.051b 
7.2412 
7 .433J  
a 
148 .4703  
150 .4462  
152 .3959  
124 .323s  
155.2259 
150.1081 
159 .5679  
i 6 1 . n u 7 ~  
163 .6265  
155 .4272  
7.6262 1 6 7 . 2 0 4 5  
7.821C 168 .9747  
8.0174 179 .7233  
b.2152 
d - 4 1 4 3  
8.6146 
5.6143 
9 .2216  
9 .4236  
4.6303 
Y.6334 
1 0 .  (1410 
1L.2458 
10.4064 
r . c i a4  
h / R T  
6 .4535  
t .643b 
6 .6253  
7.Ll6b 
7 .2463  
7.3977 
7.5708 
7 .7u37  
7 .4621  
8.1800 
9 .3793  
d.>8OG 
8 . 7 1 1 ~  
~ . i ~ n 7  
1 .9846  
9.3336 





172 .4563  
174 .1747  
175.8796 
177.572G 
173 .2533  
190.92’50 
182.5U8d 
154 .2457  
ldJ .9CL8 
197 .5539  
l a9 .2o i )d  
190 .4945  
a 
155 .8d41  
157 .7720  
153 .6387  
It 1 .  4 8 5 0  
163.3116 
1 5 5 . 1 1 9 4  
166 .9091  
1 6 8 ,  t 8 1 5  
110. 4372 
172.170P 
173 .9015  
175 .6117  
177.33U3 
175 .9921  
19 3 . 6 6 4 1  
183 .9764  
185 .6192  
187.2547 
190 .4529  
id2 .3251  
1an .8849  
5 /i!=10.20JO 
cp/R 
, . 57u5  
> . 6 3 3 8  
5 . t 6 8 7  
5 .  7442 
> .7774  
5.d*62 
,.d966 
> . 9 4 2 7  
2 .9564  
b . 0 2 l b  
5.Vb69 
2.1036 




5 . 2 5 3 1  
9 .2752  
3 .2972  
6 .3160  
5 .3321  
Y 
1 .1250  
1 .1232  
1 .1215  
1 .1199  
l . l l U 5  
1. A171 
1.1158 
1 . 1 1 4 6  
1 . 1 1 3 5  
1 . 1 1 2 5  
1.1116 
1 .1107  
1.1099 
1.1092 
1 . 1 u a t  
1 .10u0  
1 .1075  




1 - 1 0 6 4  





1 .1172  
1.1159 
1 .1147  
1 .1136  
1 .1122  
1 .1115  
1 .1106  
1 . 1 0 9 7  
1 . 1 0 0 9  
1. A(rb2 
1.1U76 
1 .1076  
1 .1065  
1 .1060  
l . l C 5 4  
1 . 1 0 5 3  
1 . 1 0 5 0  
1 .1049  
1 . 1 0 4 7  
1.1047 
y e  
1 .1248  
1 .1230  
1.1213 
A.AlY7 
1 . 1 1 8 2  
A.lAb8 
1 .1154  
1.1142 
1.1130 
1 .1119  
A .  1109 
1.1100 
1 .A091 
1.  1 0 8 3  
1 .1076  
1 .10b9  
1.1064 




1. 1049  
i . l O 4 Y  
r . 1 0 5 1  
1 . 1 0 3 4  
ye  
1.1183 
1 .1171  
l . l l 9 t )  
1 . 1 1 4 5  
1.1133 
1 . 1 1 2 2  
1 .1112  
1 . 1 1 0 3  
1.1094 
1.1060 
1 .1078  
1 . l o 7 1  
1.1065 
1 .1059  
1. lG54 
1.1020 
1 .1347  
1.1044 
1 .1042  
1.10’11 
1 .1041  
Z 
. 9997  
.9’197 
. 9 9 9 7  
. 9995  
.7996 
. 9 3 9 t  
.99’35 
.34’3: 
, 7 9 9 4  
, 9 9 4 4  
. 4993  
. J 9 9 2  
.99Y1 
.9991 
.999@ . 3989 
.Y?88 
e4967 
. 9 ) 8 6  
. 9 9 t 5  
. 99b5  
.9985  
. 9 9 0 :  
. W d 5  
. 9 9 8 t  
z 
. 9998  
.99Y7 
.‘)997 . ’1997 
.9397  . 9.9.97 
. 9 4 S t  
- 9 9 9 6  
. 9 9 Y O  
. 9 ) 9 5  
.599: 
. 5994  
. 9 9 9 4  
.99’14 
. 1993  
. 9 3 9 3  




. 9 9 9 3  
I.1 
. l 6 0 7 € - 0 4  
. A  8 2 2  t -54 
. 1897€-04  
.1941E-C4 





. 2  1 5 7  t -04 
. 2 2 3 8 t - 0 4  
.2 2 79 E-04 
-2319E-04 
. 2360 t -04  
. Z 3 5 9 € - 0 4  
. 2439€-04  
.Z47bE-04 
.2517€-04  






. 2 7 7 5 t - 0 4  
I.1 
. 1976€-04  
.2019€-04  
. 2 0 6 2 t - 0 4  
. 2 1 0 5 t - 0 4  
.E147E-J4 
.2169 t -04  
.22YOE-O4 
. 2 2 7 1 t - 0 4  
. 2 3 1 1  t-04 
- 2  3 5L t - 0 4  
.239; t -04 
.P431 E-04 
.247CE-04 
. 2 > 0 9 t - 0 4  
- 2 5 4 7 t - 0 4  
. 2 5 8 b E - 0 4  
. 2624 t -04  
, 2 6 6 1 6 - 5 4  
.2699E-34 
- 2 7 3 b t - 0 4  
.2771E-34 
k 
-1187E-01 - 1 2  3 7E -0.1 




- 1 5 3 b t - 0 1  
.1586€-31  
l t 3 6 t - 0 1  
. I 6 8  bE-J i  
~ 1 7 3 6 E - 0 1  
.17tJbE-Ol . l a  31E -01 
~ 1 8 b 6 f - 0 1  
-1Y37E-01 
. 1 9 d 7 ~ - 0 1  
-2037E-01  
a 2 0 8 7 t - J l  
.213t lE-J1 
. 2 IU9€-01  
.Z239 i -Ol  
-2290E-01 
-2341E-01 
. 2 3 n i t - o ~  
k 
-1377E-01  
. 1 4 2 7 € - 0 1  
-1477E-01  
-1527E-01 
- 1 5 7 b t - 0 1  
. l b Z b t - ( r l  
- 1 6 7 t E - 0 1  
.1726€-51  
~ 1 7 7 6 E - J l  
e ltl26E-(11 
. lU76E-01 
. 1 9 2 6 € - 0 1  
.1976E+1 
. 2 0 2 t E - 0 1  
.207oE-01 
Zl26E-01 
- 2 1 7 b t - 0 1  
.2227€-01  
- 2  2 77E-01 
-2327E-01 
-2376E-b l  
e7645 
- 7 6 2 2  
.7590 
~ 7 5 7 2  
.7925 
.75\)2 
. 7479  
. 7 4 5 3  
~ 7 4 3 1  
. 7 4 3 7  
- 7 3 8 2  
. 7 3 5 7  - 7331  
. 7 3 M  
- 7 2 7 6  
-724  7 
- 7 2 1 7  
- 7 1 8 7  
- 7 1 5 6  
- 7 1 2 3  





- 7 5 5 2  
-752’3 
- 7 5 0 5  
.7482  
.7459  
~ 7 4 3 3  
- 7 4 1 0  
- 7 3 8 6  
e7360  
.7333 . 7306 
.727b 
- 7 2 4 8  
- 7 2 1 8  




- 7 0 5 1  - 7014  
- 6 9 7 8  
76 
TABLE 111. - Concluded 
S/R*11 .0000  
2 
h /RT a Y r e  c /R P 
7 . 2 0 V 3  163 .3479  3.7975 1.1135 1.1134 -9998 
7.4C57 165 .1571  3.5482 1.1124 1.1123 -939l l  
I! k NPr T V P 
.( 212  429-5742  
439.3742 
449 .3742  
459.3742 
469 ,3742  
479.3742 
499.3742 
5 0 9 - 3 7 4 2  
519.3742 
529.3742 





5 8 d . 6 8 0 Y  
4139.3742 
1 1 . 1 7 1 7  
9.1098 
7 . 4 4 9 2  
> e 3 2 1 3  
4.13911 
5.4206 
2 .  a 3 4 5  
6.10711 
. 2 1 4 7 ~ - 0 +  . i 5 7 7 ~ - ~ 1  .7+5n 
-2189E-34 .1627E-J I  - 7 4 3 4  
.2230E-04 - 1 6 7 7 t - J l  a7410  
e 2 2 7 1 E - 0 4  .1727E-01 - 7 3 8 5  
-2312E-04 -1776E-01 - 7 3 5 9  
-2352E-04 .1ll26E-J1 a 7 3 3 2  
7.5940 166.9482 
7.9856 1 7 0 . 4 7 9 3  
7 .7690  158 .7221  
5.8965 
5 .9423  
5 .9159  
5.0270 
a .1022 
5 .1362  
i . 1 5 7 9  
5 .1973  
6 .2243  
5 . 2 i o o  
6.2714 
3.2915 
0 . 3 0 i 2  
0 . 3 2 4 0  
6 .06Jb  
1 .1114  
1 .1154  
1 .1096  
1 .1113  
1 .1103  














- 9 3 9 6  
.99Yt 
- 9 9 9 6  
- 9 9 9 6  
- 9 9 9 6  
- 9 9 9 6  
8 .1837  
R e 3 3 3 2  




9 .8124  
10 .0201  
d.78b2 
9 . t35 ;  
172.22Ob 
173.9463 
175 .6573  
1.1088 
l . l c d G  
1 . 1 3 7 3  
1 . 1 0 6 7  
1 .1061  
1.1C5E 
1 .1052  
- 2 3 9 2 t - 0 4  .1876€-Ol  - 7 3 0 4  
. 2 4 3 1 t - 0 4  -1926E-31  - 7 2 7 6  
.2470E-04 .1976E-01 .7246  2 . 3 5 4 5  
1. 36lC 




177 .3559  
1 7 9 . 0 3 8 9  
18t i .7101 
1Y2.3693 
154.C173 
l H 5 . 6 ~ 4 d  
l d 7 . 2 8 2 6  
I U d .  9 0 1 7  
IY0.43Y0 
1 .1359  
1 . I J S 4  
1 .1043  
.2509E-O4 
.2547E-04 
- 2  5 C 5 E - 0 4  
. 2 6 2 ~ E - 3 4  
-2b61E-04 
-2698E-04 
. 2 7 3 5 t - 0 4  
.2770E-04 
- 2 0 2 6 t - 0 1  - 7 2 1 6  
aZC76E-01 - 7 1 8 4  
.2126€-01  - 7 1 5 1  
.2176E-u l  - 7 1 1 7  
- 2 2 2 6 t - 0 1  e7062  
. 2 2 7 6 € - 0 l  - 7 0 4 6  
.2374E-J1 .6971  
.2326€-01  .70on 
1.104R 
1 .1045  
1.1042 
1 . 1 0 3 9  
I .103l l  
1 . 1 0 4 5  
1.1042 
1.L539 
1 .1037  
3.1035 
.3b42  
.4623  . t 5OL 1 6 . 2 2 8 4  I 3  - 4 2 7 0  





172.64U7 6 .0360  
174 .3717  b .0741  
176 .0633  5.1698 
177 .7743  6 .1431  
179 .4531  5 .1741  
T V h /RT Y 
1.1093 
1 . 1 0 5 5  
1.1078 




1 .1049  
1.1045 
1 .1041  
1 .1038  
1 .1035  
1 . 1 0 3 4  
Z k 
471 .7916  
401.7946 
491-7346  
5 0 1 - 7 9 4 6  
5 1 1 - 7 9 2 6  
221.7946 
5 3 1  ~ 7 9 4 3  
5 4 1 - 7 9 4 6  
551.7946 
11 .1696  
9 .2121  
7.5180 
6 . 3 1 5 t  
5.L494 
4.3743 
3 . 6 5 4 3  
3 .0605  
?. 5 6 9 6  
d . t 3 3 8  
1 .2323  
l l . 4 3 ? 3  
8.6336 
8 .1361  
9 .u399  
V.2446 
9 . 4 5 0 4  
(1.6573 
. 9 7 Y 8  
. J 3 9 8  
.9998 







- 9 9 9 6  
.9398  
.9998  
1 .13v2  
1 .1064  
1 .1077  .G35b 
. L 4 3 b  
. c537  
1 .1070  
1 .1064  
1. I 0 5 8  
1 .1052  
1 .1048  
1 .1044  
1.1040 
1 .1037  
1 .1054  
1 .1033  
-2440E-04 -1938E-31  .7268 
.2479E-04 .198bE-u1 . 7 2 j 8  
-251UE-04 - 2 C 3 8 t - 5 1  .7257 
-2256E-04 . Z G t l t l E - O l  - 7 1 7 5  
.Ob57 
- 0 6 0 2  
. C Y 7 5  
- 1 1 8 3  
131 .1230  5 .2026  
1 0 2 . 7 7 d 3  6.22l l9  
1d4.4223 5 .2527  
. 2 ~ 9 4 ~ - 0 4  . 2 1 3 8 ~ - 0 i  . 7 i c e  
- 2 6 3 2 t - 0 4  .2187€-01  - 7 1 0 7  
.2669E-U4 .2237€-01  - 7 0 7 2  561.7946 
571 .  7946 
281.7945 
2 . l t 2 7  
1.5435 
1 . 8 2 4 ”  
.1431  
. 1 7 2 t  
*2C76 
9 .8644  
10 .0726  
15 .2813  
196.0520 4.2742 
1 1 7 . 6 7 7 1  0.2933 
l 3U.4274  6 .3205  
i t i ~ . ~ n 9 3  5 .3101  
.2707E-OC .2287€- i I l  . 7035  
-2743E-04 . 2 3 3 7 € - 0 1  .6997  
.27bVc-04 .2373€-0L e6969  588.dU89 1 .3725  . 2 3 t 3  1G.4297 
h /RT 
8 . 9 3 d l  
9 . 1 4 2 4  
9.3477 
cl.5540 
Z ‘e I! k Npr a c / R .  Y P T V 
1 1 . 1 7 1 7  
9 .3200  
7 .7952  
6 .5362  
5.4Y41 
4 . t 2 9 6  
3.9107 
3 .3114  









j l ld .3689 
526 .7863  
. 0 2 5 3  
.L311 
.C?79 
1 7 0 . 6 1 ~ 5  5.1584 1 .1061  
180 .2937  6 . l U d l  l . l U 5 5  
1 8 1 . 9 5 5 1  6 .2154  1 .1050  
1 .1061  .99Y8 
1 . 1 0 5 5  - 9 9 9 8  
1 .1045  .9998  
1.1050 . 9 9 9 8  
1.1041 .999n 
1.1038 .9998  
1 . 1 0 3 5  .91)98 
1 .1032  . Y 9 9 0  
1 .1032  a9998 
- 2 4 9 9 t - 3 4  -2013E-01 - 7 2 2 3  
.2537€-04  -2063E-01 - 7 1 9 1  





. 0 9 7 t  
.1L14 
183.6G42 5.2453 1 .1046  .2613€-04  .2162E-01 .?I24 
. 2 6 5 1 t - 0 4  . 2 2 1 2 E - O 1  - 7 0 8 9  
.2608€-04  a2262E-01 . 7 0 5 3  
-2725E-04 .2312E-01 - 7 0 1 5  
-2761E-04 .2362€-01  a6976  
-2769E-04 -2372E-01 - 6 9 6 8  
9 .7612  195 .2415  b .2b28  121042  
9 . 9 t 9 1  !Bt.R676 6.2U30 1 .1038  
10 .1777  188 .4829  t . 3 0 3 7  1 . 1 0 3 5  
10.3116Y 
10.4339 
190.C879 b .3161  1 .1033  
1’40.4241 5 .3191  1.1032 
s /R=12 .5000  
a cP/R Y 
186 .5417  6 .2706  1 .1039  
188 .1583  b.ZL)68 1 .1035  
189.7644 6.3126 1 .1033  
190 .4227  b.3184 1 .1032  
I! k NPr 2 re V 





9 .9275  
15 .1350  
10 .3451  
10 .4314  
T P 
. 027n  
.C336 
.G404 




1 . 1 0 3 8 .  - 9 9 9 8  
1 .1035  - 9 9 9 0  
1 .1032  .9998  
1.1031 - 9 9 9 0  
.2680E-04 .2252E-01 -7060 
-2717E-04 .2302€-01  - 7 0 2 2  
-2754E-04 .2352E-01 e 6 9 8 4  
a2769E-04 -2372E-01 - 6 9 6 7  588.0869 
7? 






2 53.18 79  
T 
2 1 8  - 2 4 9 2  
228 - 2 4 9 2  
238.2492 
248.2492 




















235 - 6 8 7 5  
215.6875 
255,6875 














. 0033  
- 0 0 2 3  
.0020 
- 0 0 1 7  
- 0 0 1 7  
,0028 
V 











- 0 1 5 6  
- 0 1 2 5  
.0101 
.0082 
~ 0 0 6 7  
























































































OF CF4 AT CONSTANT ENTROPY 
S / R  = 24.0000 
Y 'e c / R  P a 
w s e c  
102.9286 63.3612 8.8578 1.1652 
111.7056 39.5330 5.4776 1.3175 
125.1756 26.7621 3.7009 1.5444 
140.7035 21.0377 2.9172 1.7969 
SIR.24.5000 
a cp/R Y Ye 
109.3885 20.9160 3.1035 1.0629 
111.9879 22.1204 3.2076 1.0979 
116.8573 21.3377 3.1267 1.1683 
124.8923 20.3818 2.8714 1.2857 
137.0299 18.1927 2.5407 1.4609 
154.2523 16.1191 2.2516 1.7033 
160.9584 15.5446 2.1713 1.7958 
s J R-2 5.0000 
a Y re c /R  P 
119.5555 11.4587 1.8761 1.0872 
120.0092 12.3747 1.9575 1.0775 
120.8828 13.3254 2.0449 1.0771 
122.6071 14.2182 2.1258 1.0909 
125.7434 14.8984 2.1798 1.1257 
130.9721 15.1952 2.1853 1.1895 
139.0706 15.0202 2.1324 1.2909 
150.8607 14.4584 2.0340 1.4387 
161.2003 13.7077 1.9167 1.6436 
180.5435 13.2134 1.8425 1.8020 
S I R - 2 5 . 5 0 0 0  
a c P /R r ye  
Z 
.4279 
- 4 2 6 8  
. 4 3 8 5  
- 4 6 0 6  
Z 





- 5 5 1 2  
.5627 
Z 
- 6 8 0 1  
.6592 
~ 6 3 9 4  




6 O V ?  
~ 6 3 3 7  
6579 
Z 
127.1908 8.0535 1.5009 1.1492 -8G25 
128.2624 8.5277 1.5245 1.1327 a7856 
129.1263 9.0373 1.5539 1.1176 a.7618 
i r 9 . i s 7 0  9.5839 1.5898 i . 1 0 4 8  ,7494 
130.6918 10.1679 1.6320 1.0962 - 7 3 0 8  
131.7747 10.7779 1.6794 1.0941 - 7 1 2 8  
1 3 3 - 4 3 6 4  11.3875 1.7283 1.1019 a6964 
136.1587 11.9487 1.7724 1.1242 ,6827 
150.4036 12.3947 1.8032 1.1665 ,6733 
146.8102 12.6538 1.8115 1.2350 - 6 7 0 1  
156.0600 12.6897 1.7931 1.3368 e 6 7 5 1  
168.8854 12.5231 1.7512 1.4783 - 6 9 0 7  
186.0488 12.2240 1.6949 1.6657 .7196 
199.4150 12.0059 1.6569 1.8089 . r 4 5 9  
cc k NPr 
N-m2 W m - K  
.1958€-04 .1638E-01 7.1544 
.2202i-04 -1875E-01 4.3876 
-2490E-04 .Z151E-01 2.9271 
.277tE-04 .2414€-01 2.2860 
IJ k Npr 
-1639E-04 .1342€-01 2.4143 
.1797E-OC s1507E-01 2.4913 
.1984€-04 -1696E-01 2.4236 
.2204E-O4 -1913E-01 2.2181 
.2461E-04 .2163E-01 1.9556 
.2761f -04  .2449E-01 1.7164 


































































TABLE 1V.- Continued 
SIR-26.0000 





















- 0 1 4 4  
,0116 
-0094  
- 0 0 7 7  
-0063 
.0052 
- 0 0 4 4  
- 0 0 3 7  





e 0 0 1 7  
V 
- 0 8 2 4  
-0638 
, 0498  
- 0 3 9 1  
,0309 
- 0 2 4 5  
a0196 
- 0 1 5 7  
- 0 1 2 7  
- 0 1 0 3  
.0085 
- 0 0 7 0  































. 9 3 0 1  
.9229 
- 9 1 4 9  
.9060 
- 8 9 6 2  
.a854 
.8737 
- 8 6 1 3  
.8482 
. a 3 4 9  
.a218 
- 5 0 9 5  
.7988 
.7907 
- 7 8 6 3  
- 7 8  7 1  
.7945 
- 8 1 0 5  
e8369 
































































.1047E-04 .6427E-02 - 9 9 8 9  
,1114E-04 .7258E-02 e9866 
























~ 1 4  7 0  E-04 
-1553E-04 .129CE-O1 1.0273 
.1644E-04 .1409E-O1 1.0488 




.2  3 1  8 E-04 
a 2  515E-04 
.2738E-O4 
.2986E-O4 
. 3  179E -04 
.8993E-02 ,9823 
.9909E-02 - 9 8 7 2  
.1087E-01 ,9962 






































12.0237 i 7 2 . 0 3 9 1  11.5483 
12.1902 185.5628 11.5396 
12.3718 203.1870 11.4373 
12.5044 217.5984 11.3379 
S/R=26.5000 






















































































14 7.8 619 
149.3090 
.9422E-05 .5130E-02 e9823 
.1007E-O4 .5912E-02 - 9 5 0 4  
.1071t-04 - 6 7 0 4 E - 0 2  -9298 ~~~ ~~ 
.1135E-04 .7510E-02 - 9 1 7 1  
.12OOE-04 ~ 8 3 3 3 E - 0 2  - 9 1 0 3  
.1265E-04 -9176E-02 e 9 0 8 0  
3.9806 
5 .2660  
6.8997 
8.9567 . i 3 3 1 ~ - 0 4  . I O O ~ E - O ~  - 9 0 9 3  
-1399E-04 .1094E-01 ,9134 












.1902E-O4 . 2021E-04 
.2156E-04 
-2309E-04  
- 2  48 4E-04 



















- 9 5 6 9  
.9749 














155 - 3 8 8 7  282.3411 
212.3411 























18  1.167 6 
12.6142 































































- 9  608 
.9567 
e9520 
- 9 4 6 8  
.9409 
a9342 

















- 9 6 2 2  




- 9 7 5 6  
i 9 7 2 9  
- 9 6 9 9  
- 9 6 6 5  






- 9 2 7 6  




e 8 8 6 1  
.a788 















a 0 6 4 6  
.0507 
.0401 
- 0 3 1 8  
.0254 
.O204 
- 0 1 6 4  
- 0 1 3 3  
~ 0 1 0 9  
.0089 
- 0 0 7 4  
.0061 




- 0 0 2 7  
.0024 
.0021 
- 0 0 1 9  
- 0 0 1 7  
- 0 0 1 7  
V 
.3821 
- 2 8 9 8  
- 2 2 1 4  
.1703 





- 0 3 9 7  
m0317 
- 0 2 5 5  
-0205 







e 0 0 4 5  
.0038 






- 0 0 1 7  
P h'/RT Ye k 
140.34 62 
150.3462 




















































































- 9 2 1 3  
.a967 
.8802 




- 8 6 2 7  
- 8 6 6 9  
- 8 7 2 5  
,8801 
.8899 
- 9 0 1 9  
- 9 1 6 2  
.9324 
- 9 5 0 1  










- 9 9 1 7  
- 9 3 6 7  
- 8 9 9 6  
,8739 
~ 8 5 6 1  
.a439 
.e360 





- 8 3 7 6  







- 9 2 5 2  
- 9 4 1 9  
.9579 
- 9 7 2 2  
.9839 




































































































































































1 .3462.  





































- 3 1 2 5  
.4426 















32.7909 '  
40.2662 













. l l l Z E - O C  
-1173E-04 






















































1 5 2 - 1 8 8 2  
154.5457 








































































TABLE 1V.- Continued 
s11-28.0000 























8 . 9 3 4 3  
9.1837 














































































































































~ 9 2 8 5  
a9257 


















































































































- 6 6 8 6  
.5114 
.3937 







~ 0 5 7 9  












































































- 8 0 9 2  
8077 
-8078 
- 8 0 9 2  





































~ 8 0 4 7  
.e091 
-8137 
~ 8 1 9 4  
-8261 
- 8 3 4 0  




















































































































































































































































































































































































































































































































. 2735  
. e151  
~ 1 6 9 8  
.1345 
- 1 0 7 0  
.OB54 
-0684 
- 0 5 5 0  
-0444 
eG359 
- 0 2 9 2  
e0238 
e0195 
- 0 1 6 1  
.0133 
.0110 
- 0 0 9 2  
.0077 
.0065 
- 0 0 4 7  
- 0 0 4 1  
.0035 
























































l O . l b 4 5  



































1 2 4 - 6 4 9 0  






















































































































- 9 9 5 0  
.9944 
,9938 





- 9 8 7 6  
- 9 8 6 0  
- 9 8 4 2  




- 9 7 1 4  
.9681  
,9646 
- 9  609  




- 9 4 5 1  
- 9 4 4 2  
- 9 4 5 0  
.9479 
,9537 
- 9 6 2 9  
- 9 7 6 4  


















~ 1 5 5 9 E - 0 4  














~ 2 5 6 3 E - 0 4  
2678E-04 











~ 4 1 0 0 E - 0 2  
-4843E-02 
-5587E-02 . b332E-02 
-7079E-02 
.7827E-02 

























~ 3 7 7 3 E - 0 1  
e3994E-01 . kl4OE-01  
1. k 6 7 2  
1.2021 
1.0594 
- 9 7 2 4  
- 9 1 5 4  
-8163  
a8486  
- 8 2 8 7  
e8142  
- 8 0 3 8  
,7963 
- 7 9 1 2  
.7878 
,7858 




- 7 8 9 6  
e7923  
- 1 9 5 6  
.7993 
- 8 0 3 5  
- 8 0 7 9  
.e131  
- 8 1 9 1  
- 8 2 6 3  
,8345 
- 8 4 4 0  
.e547 




~ 9 1 9 0  
-9311 
- 9 4 1 8  
- 9 5 1 5  























































- 5 0 7 0  
,3975 
-3129  








- 0 4 2 5  
- 0 3 4 6  
-0283 
-0232  
- 0 1 9 1  
- 0 1 5 8  
- 0 1 3 1  
.0110 
.0092 





~ 0 0 3 6  
-0032 
.002d 




- 0 0 1 7  
P 
,0167 
- 0 2 4 8  
,0361 
- 0 5 1 8  
- 0 7 3 3  
. l o 2 5  
~ 1 4 1 9  
- 1 9 4 5  
- 2 6 4 5  
,3569 
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a 
113 .7961  





















18  4.7092 





















































































































































- 9 9 7 8  
- 9 9 7 6  
.9974 
.9971  
0 9 9 6 8  
- 9 9 6 4  






- 9 9 1 9  
.9909 
.9897 
- 9 8 0 3  
~ 9 8 6 8  
, 9 8 5 1  
- 9 8 3 2  
~ 9 8 1 2  
.9789 
~ 9 7 6 5  
.9739 
,9712 
- 9 6 0 5  
- 9 6 5 9  
~ 9 6 3 5  
.9615 
- 9 6 0 1  
.9597 
- 9 6 0 5  
- 9 6 3 0  
.9677 





































.2318E-04 . 2392E-04 
-2473E-04  
. 1 4 i n ~ - o +  
.2 562 E-04 
.2661E-04 



















































- 9 3 8 6  
- 8 9 1 4  
.E584 
. a 3 4 8  
- 8 1 7 6  
- 8 0 5 1  




- 7 8 0 1  
- 7 7 9 2  
~ 7 7 9 2  
.7798 
- 7 8  1 0  
- 7 8 2 7  
.7d48 
.78 74 
- 7 9 0 3  
.7935 
- 7 9 7 1  
.b010 
- 8 0 5 1  
- 8 0 9 8  
e8153 
e8217 
~ 8 2 9 0  
.e375 
- 8 4 7 0  
- 8 5 7 6  
e8691  
~ 8 8 1 3  
.a938 
- 9 0 6 3  
.9182 
- 9 2 9 1  
- 9 3 8 7  
.9498 
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5 .0773  
5.2503 




6 .0957  
6.2608 
6 . 4 2 4 6  


















9 .5661  
9 .6389  
9 .8131  
9.9876 




10 .7879  
10.9148 












1 .5406  
1.1940 
- 9 2 9 8  
.?E73 
- 5 7 1 3  
- 4 5 0 5  
- 3 5 6 5  
- 2 8 3 1  







- 0 5 0 0  
,0408 
- 0 3 3 5  
- 0 2 7 5  
m0227 
.0188 











, 0029  
- 0 0 2 5  
,0023 
, 0 0 2 1  
- 0 0 1 9  
.0017 
, 0 0 1 7  
k a r 
1 .3152  
1.2987 
1 .2840  
1.2708 
1.2589 




1 .2140  
1 .2072  
1 .2010  
1 .1953  
1 .1901  
1.1853 
1 .1810  
1 .1770  




1 .1635  
1 .1621  
1.1611 
1.1605 
1 .1605  
1.1611 
1 .1622  
1.1640 
1.1664 




1 .1882  
1 .1941  
1 .2001  
1.2060 
1 .2116  
1.2164 
1 .2201  
1 .2227  
1 .2237  
1.2233 
1 .2215  
1 . 2 2 o a  
h /RT P 
111 .7523  
116 .4151  
120 .8494  





110 .7696  





170.7 69 6 
180 -769  6 
190.7696 
q00.7696 





2 6 0  -7696  
270.769 6 
280.7696 









380 - 7 6 9 6  
390.7696 
400.7696 





4 6 0 - 7 6 9 6  
470.7696 
4 8 0 - 7 6 9 6  
490  - 7 6 9 6  





543 .8728  
a008 5 
- 0 1 2 7  
mol86 
- 0 2 6 9  
, 0 3 8 2  
- 0 5 3 8  
.0748  
- 1 0 3 1  
- 1 4 0 8  
- 1 9 0 7  
a 2 5 6 4  
, 3 4 2 6  
. 4548  
-6004 




9 .6221  
9.8036 
9.9912 
10 .1849  
10.3846 
10.5902 
10 .8016  
2.0356 
1 .4429  
1 .1881  
1 .0496  
, 9 6 4 6  
, 8 7 0 0  
e8426 
. a 2 2 7  
. a 0 8 1  
.7975  
.7897 
- 7 8 4 1  
.7803  
, 7 7 7 7  
- 7 7 6 1  
- 7 7 5 6  
- 7 7 5 6  
- 7 7 6 2  
- 7 7 7 2  
.7787  
- 7 8 0 4  
, 7 8 2 5  
.7849 
.7875  
e 7 9 0 3  
.7934 
- 7 9 6 8  
-8004 
.b041 
~ 8 0 8 3  
. e132  
. e 1 6 9  
, 8 2 5 4  
- 8 3 2 9  
- 8 4 1 3  
. e508  
. a b 1 1  
. a 7 2 1  
,8836 
- 9 0 6 7  
.9174 
- 9 2 7 1  
.9374  
- 9 4 1 2  
.goat. 
. n953  
1 .2969  - 9 9 8 6  
1.2820 .9985 
1 .2687  .9983  
1.2566 - 9 9 8 1  
1.2456 .9979  






1 2 5  - 0 8 5 8  
129.1488 
133 .0577  
136 .8287  
140 .4  746 





-9856E-05 1.2356 m9977 
1.2264 - 9 9 7 4  
1.2179 a 9 9 7 1  
1 .2100  .9967  
1.2028 .9963  
1 .1960  - 9 9 5 9  
1 .1897  a 9 9 5 3  
1.1838 .9947  
1 .1782  - 9 9 4 0  
1 .1729  - 9 9 3 2  
1 .1680  .9923  
1 .1633  - 9 9 1 3  
1.1589 - 9 9 0 2  
1 .1548  .9890  
1 .1509  - 9 8 7 6  
1.1473 - 9 8 6 1  
1 .1440  e9844  
1.1410 - 9 8 2 7  
1 .1385  .980M 
1.1365 ' - 9 7 8 9  
1 .1351  - 9 7 7 1  
1 .1346  ~ 9 7 5 3  
1.1352 .9736 
1 .1371  - 9 7 2 3  
1.1408 - 9 7 1 6  
1.1466 - 9 7 1 5  
1 .1551  e9725  
1 .1669  .9748 
1 .1828  .9789  
1.2033 . 9 8 5 0  
1 .2295  ~ 9 9 3 9  
1.2621 1 .0059  
1.3023 1 .0218  
1 .3513  1 . 0 4 2 1  
1 .4107  1 . 0 6 7 1  
1.4822 1 .0998  
1 .5680  1 .1391  
1.6701 1 . 1 8 7 1  
1 . 7 9 0 1  1 . 2 4 5 1  

















11 .0188  1 5 3 . 9 9 9 1  
11.2415 157 .1507  
11 .4697  160 .2207  
.7883  




11 .7032  
11 .9419  
12.1856 
12 .4341  




168 .9779  
.1501E-04 
~1555 : -04  
.1233E-01 
.1308E-01 
171 .7564  
174.4 686 
177 .1184  
179 .7091  
182.2455 
184 .7336  
187.1818 
189.6014 
192 .0079  
194 .4219  
196.8712 











-2 l84E-04  
.2240E-04 
-2298E-04 
- 2  36lE-04 
~ 2 4 2 7 E - 0 4  
-2499E-04 
.2577E-05 
. 2 6 6 3 E - 0 4  
-2758E-04 
-2864E-04  
~ 2 9 8 1 E - 0 4  





























13 .4713  
5.8836 
7 .4191  
9.3157 
13 .7400  
14.0118 
14.28 63 
11 .6472  
14.4989 
14.5632 
14 .8420  
15 .1223  
15.4037 
15 .6858  
15 .9684  














16 .8175  
17 .1014  
215.1579 
219 .5631  
2 2 4 .  t 7 0 3  84.7532 
100 .8572  
119.5767 
141 .3016  
1 6 6 . 4 9 6 8  
1 9 5 . 7 2 3 1  
229 .6631  
269.1514 
315.2057 
369.04 6 1  
387 .5493  
17.3863 
17 .6732  
17 .9632  
230.6295 
237 .6181  
.3112E-01 
.3246 t -01  
-33d9E-01 18.2577 
18.5584 




















































































196 -2207  
206 -2207 
216.2207 
226  -2207  
236.2207 
2 46 9 2207 
256.2207 
266 .2207  
276.2207 




























































- 0 1 8 7  
.0156 




- 0 0 6 8  
e 0 0 5 8  
- 0 0 5 0  
,0044  
.0038 
. 0 0 3 4  
.0030 
-0026 




~ 0 0 1 7  
P 
- 0 0 6 4  
a0095 
-0138  
~ 0 1 9 8  
.0280 
- 0 3 9 2  
- 0 5 4 2  
-0743  
, 1 0 1 1  
-1364 
-1829  
- 2 4 3 0  
-3226 
-4249  
- 5 5 6 7  
d 2 6 L  






























































































































































































1 . 1 9 3 1  
















































- 9 9 7 0  
- 9 9  66 






- 9 9 1 9  
9909 
.9898 
- 9 8 8 6  
- 9 8 7 4  





















































. 22428-04  
~ 2 2 9 5 E - 0 4  
.2349E-04 
a 2 4 0  6E-04 







































































- 8 1 3 0  
8006 
- 7 9 1 6  
78 50  
-7802  










- 7 8 1 7  
,7839 
- 7 8 6 2  
.7887 
- 7 9 1 4  








~ 8 2 8 7  
- 8 3 6 1  
~ 8 4 4 3  
,8532 
~ 8 6 3 2  
- 8 7 3 6  
.e843 




- 9 3 2 4  
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a 7 2 9 1  
a 5 8 0 8  
k 6 3 9  
- 3 7 1 8  
~ 2 9 8 7  
,2406 
- 1 9 4 3  
,1574 
- 1 2 7 8  
- 1 0 4 0  
- 0 8 4 9  
- 0 6 9 4  
,0570 
- 0 4 6 9  




~ 0 1 0 5  





- 0 0 6 8  
,0059 
- 0 0 5 1  
- 0 0 4 5  
.0039 
















- 9 9 8 6  
.9984 
- 9 9 8 2  
- 9 9 8 0  
.9977 
.9974 
- 9 9 7 1  
- 9 9 6 7  
- 9 9 6 3  
.99 58 
,9952 
- 9 9 4 6  
,9940 
- 9 9 3 2  
,9925 
,9917 
- 9 9 0 8  
~ 9 0 9 9  
, 9 8 9 1  
.9883 
.9875 
- 9 8 7 0  
- 9 8 6 7  
- 9 8 6 7  
- 9 0 7 3  
,9885 



















162 - 8 9 9 5  
172.8990 
182.0990 








272 - 8 9 9 0  



















472 - 8 9 9 0  
482.8990 
492 .e990 










- 0 0 7 4  
- 0 1 0 7  
- 3 1 5 2  
- 0 2 1 3  














































~ 8 6 1 7  
-8360 





- 7 7 6 9  
.774* 
- 7 7 2 8  
- 7 7 2 1  
.7719 
~ 7 7 2 2  
- 7 7 2 9  




- 7 8 0 2  
- 7 8 2 1  
e 7 8 4 1  
- 7 8 6 2  
.7884 





- 8 0 3 9  
- 8 0 7 1  
- 8 1 0 7  
.e149 
.e197 







- 8 8 4 0  
.a935 
- 9 0 2 6  

















































i 3 3 . 9 7 9 3  
137.7404 
141.3820 
144 ~ 9 1 4 9  




- 0 5 5 5  


















. 2 0 0 l E - 0 1  















~ 4 0 4 9  
.52bM 
































































































2 2 6 - 9 1 7 3  

























2 4 1  .C920 
247.2085 
254.2385 
2 6 2 . 3 3 8 4  
271.6898 















.3957E-04. - 4 6 7 9 1 - 0 1  358.3392 22.2431 
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160.5 1 5  5 
1 7 0  a5155 
180.5155 























4 n . s 1 s r  













560.5 1 5 5  
570.5155 
510.5155 














- 8 0 5 5  
-6448 
- 5 1 7 8  
s4166 
- 3 3 6 1  
- 2 7 1 9  
-2204 
-1792  
- 1 4 6 0  
,1192 
- 0 9 7 6  
.OB01 




- 0 3 1 0  
.0259 
- 0 2 1 6  
. o l e 2  
- 0 1 5 3  
.O l29  
.0110 
- 0 0 9 4  
.0080 
- 0 0 6 9  
.0060 
.0052 
a 0 0 4 5  
.0040  
- 0 0 3 5  




- 0 0 8 5  
- 0 1 1 9  
- 0 1 6 6  




- 0 7 6 4  
. l o 1 6  
.1343 
- 1 7 6 6  






































































































188. 6 662 
191.2159 
193.7299 







2 1  3.2980 




































































































































































- 9 9 9 1  








- 9 9 7 2  
,9968 
- 9 9 6 4  
.9960 
.9955 





- 9 9 2 2  
e9918 
- 9 9 1 4  
- 9 9 1 2  
.9912 
.9916 















~ 8 5 9 6 E - 0 5  
.9222E-O5 




.122 lE -04  

























-2523E-04 . 2575E-04 
-2bZME-04 
-2685E-04 
e2745E-04 . 28lOE-04 
.2880E-04 
-2957E-04 








~ 4 8 5 5 t - 0 2  
, >596E-02 
-6337E-02 







































~ 4 3 5 1 E - 0 1  
. 3 5 5 a ~ - o i  
- 9 6 4 6  




. 8060  
- 7 9 5 1  
- 7 8 7 1  
.7813 
- 7 7 7 1  
.7743 
e7724 
~ 7 7 1 4  







- 7 7 8 1  
.7797  
- 7 8 1 5  
.7833 
.78 ~1 
- 7 8 7 0  
.7889 
- 7 9 0 9  




- 8 0 1 7  
.a040 
-8066 
- 8 0 9 6  
- 8 1 3 1  






- 8 5 5 6  
~ 8 6 4 1  
- 8 7 1 3  
87 


































































- 9 9 7 6  
.9973 




























































































1 .1641  















- 4 6 1 8  
3742  
- 3 0 3 9  
- 2 4 7 3  
.2018 
- 1 6 5 0  
.1352 
.1111 
- 0 9 1 4  
~ 0 7 5 5  
- 0 6 2 4  






- 0 1 7 8  
- 0 1 5 1  
,0128 
- 0 1 0 9  






















































- 0 0 9  6 
- 0 1 3 2  
.0181  

































1 .1351  
1.1330 





























- 7 7 4 2  
- 7 7 2 3  





- 7 7 2 9  
e 7 7 4 1  
.7754 
~ 7 7 6 9  
.7784 
.7800 
- 7 8 1 6  
- 7 8 3 2  
.7849 
- 7 8 6 5  
.7881  
.7898 
- 7 9 1 4  
- 7 9 3 1  
,7947 
- 7 9 6 4  
- 7 9 8 2  
.7999 
,8016 
- 8 0 3 4  
- 8 0 5 4  
- 8 0 7 8  
.e106 
e8138 
- 8 1 7 6  
,8221  
,8271  











- 0 7 8 2  































. 2  589 E -04 
-263dE-04  


















- 1 0 2 9  
m1348 
- 1 7 5 7  
.2281  
~ 2 9 4 8  
.3797 
- 4 8 7 1  
- 6 2 2 6  
















. ~ j a 7 ~ - 0 1  
1662E-01 
.1736E-01 .7932 








.24 1 8 E-01 
.2496E-01 























213 - 0 4 2 4  
2 1  5 4 7 0 1  
217.9357 

























































. .. . . . . .._. 








































































































- 7 7 2 0  
- 6 2 5 2  
a5075 
- 4 1 2 9  
, 3 3 6 6  
- 2 7 5 1  
a2252 
,1848 
- 1 5 2 0  
.1253 
s 1035  
- 0 8 5 7  
.e711 
,0591  
- 0 4 9 3  
,0412 
e0345 
- 0 2 9 0  
~ 0 2 4 4  
a0207 
.0175 
- 0 1 4 9  
- 0 1 2 7  
~ 0 1 0 9  
- 0 0 9 4  
.0081 
.0070 






- 0 1 9 7  
~ 0 2 6 4  
~ 0 3 5 1  
-0465 
- 0 6 1 3  
-0803 
- 1 0 4 7  
- 1 3 6 0  
- 1 7 5 9  
- 2 2 6 6  
.2908 
- 3 7 1 9  
.4741  













10 .3360  
12.6071 

































1 5  a 1978  
15.5033 
























146 .8695  
150.2 664  
1 5 3  s 5 7 7 7  
156.8098 
159.9686 
16 3 . 0  589 
166.0852 
1 6 9 - 0 5 1 5  
171.9613 
174.8178 
17  7. t 238 




























































































































- 9 9 9 6  






. 9 9 9 1  










- 9 9 7 1  
- 9 9 6 9  
- 9 9 6 7  
- 9 9 6 5  
- 9 9 6 4  
- 9 9 6 4  
- 9 9 6 5  
- 9 9 6 7  








1 .0185  
1.0255 
























. Z l t l E - O 4  
.2166E-04 
.2211E-04 
. 2 2 5 6 E - 0 4  
.2300E-04 
, 2 3 4 4 E - 0 4  
. 2 3 8 8 E - 0 4  
-2433E-04  
e2477E-04 


















































- 7 7 4 2  
e 7 7 2 1  
- 7 7 0 9  
- 7 7 0 3  
- 7 7 0 3  
- 7 7 0 7  
- 7 7 1 4  
- 7 7 2 5  
.7735 
.7748 










- 7 9 0 7  








- 8 0 1 9  
.b033 
-8050 
0 8 0 7 1  
- 8 0 9 5  
.e125 






























































































































































































































































184 OE -0 4 
1888E-04 
-1936E-04 





















,2 91 4 E -0 4 

































































































































































































































































































































































































































































~ 0 1 4 6  
~ 0 1 2 6  
3.1658 
a0132 






































































































































































































































2 4 0  53?2 
i 250.5372 
r 260 - 5 3 7 2  
270.5372 
280.5372 

















4 6 O . ¶ D ? Z  
470.5372 
480.5372 








5 7 0  - 5 3 7 2  
580.5372 




282 - 5 7 9 2  
292.5792 






362 - 5 7 9 2  
372.5792 
382.5702 





































. 1 4 W  
.1211 
- 1 0 1 5  
a0852 
- 0 7 1 7  
- 0 6 0 5  
- 0 5 1 1  






















- 8 4 6 1  
- 6 9 8 3  
.5773 
.4?02 . B969 . rm 
.a?+* 
.2294 
- 1 9 1 8  
1 6 0 7  
,1349 
- 1 1 3 4  
~ 0 9 5 6  
.0807 
- 0 6 8 3  
- 0 5 7 9  
- 0 4 9 2  
- 0 4 1 9  
- 0 3 5 8  
a0324 
P 
- 0 1 4 5  
- 0 1 9 0  
,0248 
- 0 3 2 1  
.0416 
-0535 




- 1 7 9 9  





























- 0 3 4 2  
. 0 4 3 8  
- 0 5 5 9  
.0712 
.0904 
~ 1 1 4 5  
.1444 
.1817 
. 2 2 8 O  
.2854 
~ 3 5 6 2  
.4434 
- 5 5 0 6  
- 6 8 2 1  





































































































1 9 1  s 7103 






















































239 - 0 4 9 4  
241.3398 



















































































































































































































































- 9 9 9 2  
e9992 
a9992 
- 9 9 9 1  
- 9 9 9 1  
e9992 

























- 9 9 9 6  
- 9 9 9 6  

































~ 2 0 3 8 E - 0 4  



























- 1 7 1 4  E-04 
.1763E-04 




.2 00 1 E-04 
-2047E-04 
-2092E-04 



















~ 2 9 1 5 E - 0 4  
-2955E-04 









~ 1 6 7 1 E - 0 1  
-1745E-01 
l 8 1 9 E - 0 1  










































































- 7 8 0 1  
- 7 8 1 5  
,7828 
- 7 8 4 1  
.7853 




~ 7 9 0 1  
a7907 
- 7 9 1 2  
- 7 9 1 7  
- 7 9 2 0  
- 7 9 2 2  
- 7 9 2 3  
- 7 9 2 3  
- 7 9 2 2  
- 7 9 2 0  
e7917 
- 7 9 1 4  
- 7 9 1 0  
- 7 9 0 6  
N P r  
- 7 7 0 2  
a7699 
- 7 7 0 0  
- 7 7 0 5  
.7713 
.7723 
. 7 7 3 5  
.7747 




- 7 8 1 7  






- 7 8 9 2  
.7899 
- 7 9 0 4  
- 7 9 0 8  
- 7 9 1 1  
- 7 9 1 3  
.7914 
- 7 9 1 3  




a 7 8 9 1  
- 7 8 8 1  
,7879 
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- 2  4 8 7 E 3 1  






































































































505.2 2 8 6 
515.2286 

















- 2 b W 4 1  . 2 7 4 W - 0 1  
.2.1*-.1 
. 2 0 9 3 € 4 1  
~ 2 9 6 8 E - 0 1  






- 7 7 6 4  
.7778 









- 0 3 6 2  
s o 4 6 0  
. O S 8 4  










192.9464 - 0 7 3 9  
- 0 9 3 1  
- 1 1 7 1  
8.0532 
8.3155 














- 1 8 3 6  




- 7 8 0 6  
- 7 8 2 0  
-1832 
.7845 
- 7 6 5 6  





- 7 9 0 3  
- 7 9 0 6  
7908 
7909 
- 7 9 0 9  
















- 3 0 1 0  
- 2 5 2 2  
,2116 
-1780  
~ 1 4 9 9  
- 2 8 5 0  
.3538 
.4380 

























1 9  -0729  













































588  .8889 
.1265 









~ 3 4 9 5 E - 0 1  


































































































.SWH41 . a1*-01 
. 3 2 l S L 4 l  
.aZ09L+l 
.3364E-01 
. 2 9 9 i ~ - o a  
T V h /RT P 
.OIL36 
e0237 
~ 0 3 0 2  
00383 
, 0 4 8 3  











































- 2 6 1 9 E 4 4  
.2659E-01 
. 2 6 9 7 € 4 4  
. 2 7 3 6 E 4 1  
.2774E# 
. t i l #  
- 7 7 2 9  
- 7 1 4 2  
.7755 
- 7 7 6 9  
.1783 
















15.5250 201  3123 
15 .8376 203.7579 
16 .1547 206.1751 


















































- 1 9 0 7  
- 7 9 0 7  
- 7 9 0 5  .mot 
.7898 
- 7 8 9 2  
.7884 














- 2 3 3 1  
,1967 
~ 1 6 6 4  
,1410 







, 5 3 2 1  














































.- ~ . .3745E-01 22.8916 -2964E-04 
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5 1 1 ~ 3 6 . 5 0 0 0  
c /R P 





8 . 8 2 6 8  
8.9433 
9.0571 






































































- 4 2 6 3  
.3593 














































































































































- 0 2 5 4  
,0320 
a 0 4 0 3  
,0506 
.Ob34 
























~ 0 3 3 9  









- 2 8 4 0  
~ 3 4 6 8  
. 4 2 2 6  
-5139  
.6236 
- 7 5 5 1  



























































































- 7 8 6 3  
.7873 













- 7 8 6 7  




- 7 7 9 4  
a7808 






- 7 8 8 4  
- 7 8 9 1  
.7897 
. 7 9 0 1  
7904 
- 7 9 0 5  
.7905 




- 7 8 8 1  
- 7 8 7 1  













. z i o z e - 0 1  
.2276E-01 













2 2 1  0229 
223.2659 




~ 2 4 7 5 E - 0 4  














































24 7. G283 























































19 5.9 121  





































































2 4 8  s 24 69 













































5 7 1  .e742 
1 




























































- 8 9 1 3  
- 7 5 6 7  
-6436  
- 6 3 0 2  
P 
- 0 2 3 0  
,0288 
- 0 3 5 8  
~ 0 4 4 5  
- 0 5 5 2  
.Ob83 
a 0 8 4 2  
- 1 0 3 6  
- 1 2 7 3  
,1559 
a1906  
- 2 3 2 6  












- 0 3 0 5  
- 0 3 7 8  
e0467  
- 0 5 7 5  
,0707 
.Of367 
, 1 0 6 1  
,1295 
- 1 5 7 8  
,1919 
- 2 3 2 8  
- 2 8 1 9  
~ 3 4 0 7  
-4108  
. 4 9 4 4  
.5938 
- 7 1 1 7  

























h / RT 
16.4472 




























220.9 153  
223 - 1 5 6 1  
22 5.3768 






240 - 4 3 8 3  
242.5331 






2 1 3 - 0 6 4 3  
215.3809 
217.6740 





















































































































































































.2  5928-04 
.2631E-04 
a2670E-04 







.2  858 E-04 
v 
2246E-04 
~ 2 2 8 9 E - 0 4  
- 2 3 3  1E-04 
e2373E-04 
~ 2 4 1 4 E - 0 4  
.2455E-04 
-2496E-04 
- 2  536E-04 
n2575E-04 
.2  614E-04 
~ 2 6 5 3 E - 0 4  
.2692E-04 
,273OE-04 





- 2 2  73E-01 
.2347E-01 
.2421E-01 






























~ 3 2 0 4 E - 0 1  
-3278E-01  
~ 3 3 5 2 E - 0 1  
.3427E-01 
~ 3 5 0 1 E - 0 1  
.3575E-01 
.2915E-OC e3649E-01 
-2951E-04 -3724E-01  
-2956E-04 -3733E-01  
.7814 
- 7 8 2 7  
- 7 8 4 0  
















- 7 8 6 4  
.?e52 
.7842 
N P r  
- 7 8 4 6  
,7858 






- 7 9 0 3  
- 7 9 0 4  






































































4 . 3 3 6 3  





- 0 7 3 0  
- 0 8 9 0  
a1083 
- 1 3 1 6  
.1594 
.1928 
- 2 3 2 7  
- 2 8 0 3  
- 3 3 6 9  
, 4 0 4 1  
.4837 
.5289 
9.1353 1.1229 1.1228 1.0000 
9.2442 1.1212 1.1212 1.0000 
9.3503 1.1197 1.1197 1.0000 
9.4535 1.1182 1.1182 1.0000 
9.5538 1.1169 1.1169 1.0000 
9.6511 1.1156 1.1155 1.0000 
9.7453 1.1143 1.1143 1.0000 
9.8365 1.1132 1.1131 1.0000 
9.9246 1.1120 1 . 1 l Z C  1 .0000 
.7895 
.7899 





-2678E-04 -3177E-01  
.2716E-04 .3251E-01 
-2754E-04 -3325E-01  
.2791E-04 -3399E-01 
.2828E-O4 e3473E-01 
.2865E-04 -3347E-01  
.2902E-04 -3621E-01  
.2938E-04 -3696E-01  















10.0095 1,1110 1.1110 1.0001) 
10.0912 1.1100 1.1100 1.0000 
10.1697 1 .1091  1 .1091  1.0000 2.1793 ~~ 
1 . 0427  
1.5606 
1.3243 
245.8216 10.2449 1.1082 1.1083 1.0000 
242.9016 10.3167 1.1074 1.1075 1.0001 
244.9683 10.3852 1.1067 1.1068 1.0001 
247.0225 10.4503 1.1060 1.1061 l . O C O 1  
248.0432 10.4815 1.1056 1.1058 1.0001 
.7872 
- 7 8 6 1  
. 7 8 4 8  1.1255 
1.0383 - 7 8 4 1  
S I  
















a C 2 7 8  





- 0 9 1 3  
.1105 
- 1 3 3 4  
-1608 
- 1 9 3 4  
.2321  
.2781  











9.4228 1.1187 1.1186 1.0000 
9.5239 1.1173 1.1172 1.0000 
9 .6221  1.1159 1.1159 1.0000 
9.7172 1.1147 1.1147 1.0000 
9.8093 1.1135 1.1135 1.0000 
9.8983 1.1123 1.1123 1.0000 
,2469E-04 .2784€-01  
.2549E-04 -293ZE-01 
.2588E-04 .3006E-01 
-2627E-04  .3080E-01 
.2606E-04 .3154E-01 
-2704E-04 .3228E-01 
. 2 5 0 9 ~ - 0 4  . ~ 8 5 n ~ - o i  
.7893 
. 7 8 5 8  








- 7 9 0 3  
- 7 9 0 1  
.7897  




- 7 8 5 2  
- 7 8 4 1  
6.3267 
5.3195 











233 .8501  
235.9785 
238.0906 
9.9841 1.1113 1.1113 1.0000 
10.0667 1.1106 1.1103 1.0000 
10.1461 1.1093 1.1093 1.0000 
e2742E-04 . 3 3 0 2 t - 0 1  
-2780E-04 .3377E-01 








10.2222 1.1084 1,1085 1 .0000  ~ ~~~~ 
10.2950 1.1076 1.1076 1.0000 
10.3644 1.1068 1.1069 1.0000 
10.4304 1 .1061  1.1062 1.0001 
-2854E-04 .3525E-01 
.2891E-04 ~ 3 5 9 9 E - 0 1  
~ 2 9 2 7 E - 0 4  -3673E-01  
-2956E-04 -3732E-01  
22.6074 
22.9129 i 0 . 4 0 0 7  i . i o 5 5  1.1056 i . o o o i  
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T V h/RT 
19.2015 
19 .5581 
c /R Y P P 
- 0 2 9 5  
- 0 3 5 9  
. t 4 3 7  
- 0 5 3 0  
-0642 
- 0 7 7 5  
- 0 9 3 5  
- 1 1 2 5  
- 1 3 5 1  
- 1 6 1 9  
,1936 
- 1 9 4 5  
P 
- 0 3 1 2  
- 0 3 7 8  
.G457 
a 0 5 5 1  
.Ob63 
. t 7 9 7  
- 0 9 5 5  
- 1 1 4 3  
- 1 1 7 9  
P 
- 0 3 3 0  
- 0 3 9 7  
- 0 4 7 7  
e0572 
~ 0 6 8 4  
- 0 7 1 5  
P 
- 0 3 4 8  
.0416 































y e  
1.1063 













































568 - 6 3 1 7  





































- 1 9 0 4  
































.3582E-01 - 1 8 6 7  
.365bE-01 ,7855 
.3730E-01 - 7 8 4 1  






k NPr cc cP/R Y h /RT a V 1 
15.4476 
13.0009 




































-3571E-01 - 7 8 6 8  
-3645E-01 - 7 8 5 7  
.3719E-01 -1843  











247 + 6 379 
247.9981 










k NPr a cp/R Y c1 
.28OOE-04 
~ 2 8 3 7 E - 0 4  
-2874E-04 
.2910E-04 























239.2396 10.1880 1.1088 
241.3249 10.2622 1.1079 
243.3948 10.3330 1.1071 
245.4500 10.4005 1.1063 
247.4911 10.4644 1.1056 
247.9931 10.4797 1.1054 
.34 l?E-01 .?a81 
-3491E-01 ,7879 
-3565E-01 - 7 8 6 9  
n3639E-01 - 7 8 5 7  
a3713E-01 - 7 8 4 4  
.3732E-01 ,7840 
s IR.40.5000 
a c /R Y P Npr 















245.4866 10.4016 1.1063 
247.5269 10.4655 1.1056 
247.9900 10.4796 1.1054 
.364 lE-01 ,7857 
-3715E-01 - 7 8 4 4  
.3732E-01 - 7 8 4 0  
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TABLE V.- THERMODYNAMIC AND TRANSPORT PROPERTIES 
OF CF3-CF3 AT CONSTANT ENTROPY 
S I R  = 5.0000 
IJ k NPr 











































. 9 9 8 8  




















































































103.9757 5.3851 1.1365 
105.8407 5.6199 1.1311 
108.4332 5.8505 1.1267 
.8116E-05 .3401€-02 1.2140 
.8622E-05 -4366E-02 1.0483 
,9114E-05 ~5333E-02 -9445 
.9596E-05 -6306E-02 -8739 
.1007€-04 .7286E-02 -8236 
.1054E-O4 .0276E-02 .7866 
.1101E-04 -9284E-02 -7593 
.1150E-04 .1032E-O1 -7395 




























































. 3 3 9 8  
-5564 
. a 9 8 9  
110.8174 6.0787 1.1234 
112.9399 6.3067 1.1212 
114.7242 6.5373 1.1204 






116.8194 7.0243 1.1245 
116.9008 7.0949 1.1259 
S I R .  5.5000 
c /R Y P 
a 
98.1376 4.9677 1.1478 
101.2025 5.2118 1.1402 
104.1543 . 5.4482 1.1336 
106.9893 5.6781 1.1280 
109.6985 5.9028 1.1233 
112.2661 6.1234 1.1193 

























~ 0 3 8 7  


























114.t665 6.3411 1.1161 
ilb.8612 6.5574 1.1138 
118.7947 6.7744 1.1124 
123.3895 6.9949 1.1123 
121.5415 7.2225 1.1138 











S I R =  6.0000 



































~7122E-05 -1591E-02 2.0819 
~7657E-05 .2550E-02 1.4656 
.8174E-05 ,3510E-02 1.1888 
,8676E-05 -4471E-02 1.0328 
,9163E-05 -5432E-02 ,9333 
-9637E-05 .6394E-02 ,8650 
-1010E-04 a7357E-02 e8155 
.1055E-O4 .8323E-02 -7783 
.1100E-04 ~ 9 2 9 3 E - 0 2  ,7496 
.1143E-O4 .1027E-01 -7271 
-1187E-04 .1125E-O1 -7092 
a1230E-04 .1225E-01 -6952 
-1275E-04 .1326E-01 ~ 6 8 4 5  
e1314E-04 -1418E-01 -6776 
97.6300 4.9222 1.1490 
100.7375 5.1652 i.i4io 
103.7435 5.4038 1.1342 
106.6502 5 . 6 3 3 4  1.1282 
5.8274 
3.6427 
2.2928 109.4574 5.8568 1.1231 
112.1614 6.0749 1.1185 
114-7540 6.2886 1.1146 
117.2210 6.4985 1.1113 
119.5399 6.7059 1.1087 
121.6772 6.9117 1.1067 









.ion3 125.1976 7.3264 1.1052 
126.4269 7.5405 1.1063 
127.1025 7.7366 1.1086 
5 I R -  6.5000 
a Cpfl Y 
102.6768 5.3154 1.1364 
105.6403 5.5469 1.1301 
108.5144 5.7717 1.1245 
111.3011 5.9905 1.1196 
114.0005 6.2039 1.1152 
116.6097 6.4126 1.1114 
119.1223 6.6171 1.1080 
121.5268 6.8181 1.1051 
123.8051 7.0163 1.1027 
125.9308 7.2126 1.1009 
127-8659 7.4083 1.0996 
129.5581 7.6052 1.0992 
130.9383 7.8056 1.0996 
131.9170 8.0128 1.1014 
132.0444 8.0519 1.1019 

























































,1082E-04 . ll2bE-04 
.1169E-O4 























.1584E-01 . l603E-01 284.1178 285.9526 e0545 -0507 2.9796 3.2126 
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TABLE V.- Continued 
S I R =  7.0000 

















































h / R T  
3.8303 
4.0822 
























































- 3 5 6 1  
- 2 4 0 9  
.1639 
.1121  
- 0 7 7 2  










. a 4 4 4  
- 5  700 
.3867 
~ 2 6 3 7  








.O lbb  
.0306 
- 0 5 0 0  
.C810 
.1300 
~ 2 0 7 1  
.3272 
,5127 













- 2 0 6 9  
- 3 2 3 3  
.5015 









- 0 3 3 7  

















- 0 5 5 3  
-0863 
,1338 





























I R =  7.5000 






























. 4 7 51E-02 
.5711€-02 . bb71E-02 














- 8 4 8 4  
.E028 
. 7681  
,7410 





- 6 5 7 4  
- 6 5 0 9  
a6460  
. 6 k 4 2  
170.7907 
180.7907 
















1.1052 1.1029 120.9910 
123.4284 
125.7722 
12  8. GO82 
135.1153 
1.1023 1.0990 























- 9 9 5 1  
- 9 9 3 2  
- 9 9 0 5  
- 9 8 6 9  
- 9 8 1 9  
- 9 7 5 2  
- 9 6 8 1  















326 .6333  
a Y 
1.1175 

































































. 86*4  





- 6 9 0 8  
,6780 
- 6 6 7 2  
- 6 5 8 1  
a6504 




. i i i 9 ~ - o i  























S I R -  8 .0000 
T 
205 -3799  
215.3798 
225.3798 





































































- 9 9 2 3  
.9893 
.9854 
- 9 8 0 1  
~ 9 7 3 0  
- 9 7 1 9  
k 
11 7.1647 
1 1 9 - 7 7 3 0  
















~ 1 1 3 0 E - 0 4  
m1173E-04 
01214E-04 














* 1 0 9  5E-01 
.78 5 7  
- 7 5 4 7  
- 7 3 0 2  
- 7 1 0 4  
- 6 9 4 2  
.6807 
- 6 6 9 3  
- 6 5 9 6  
a6513 
~ 6 4 4 2  
- 6 3 8 1  
~ 6 3 2 9  
m628b 
,6251  
- 6 2 2 6  
, 6224  
. 1191€-01  
.1287E-01 
- 1 3 8  3E - 0 1  














S I R -  8.5000 






































- 9 9 9 b  
.9994 









- 9 8 4 0  
a9704 
- 9 7 5 1  
)1 
. l l 2 2 € - 0 4  
.116kE-04 
-1205E-04 




1 4 0 l E - 0 4  


































- 7 1 4 1  
,6972 
~ 6 8 3 2  
- 6 7 1 3  
- 6 6 1 3  
,6526 
- 6 4 5 1  
- 6 3 8 6  
- 6 3 2 9  
- 6 2 7 9  
,6236 
- 6 1 9 9  
- 6 1 6 9  
-6146 
- 6 1 3 8  
1.1006 
1.0977 




































TABLE V.- Continued 
S I R .  9.0000 
2 h /RT a c,/ R Y Y e  !J 
k NPr T V P 
.OG94 
- 0 1 4 9  





2 6 . 5 4  
. 3111  
. 4 6 8 6  
- 7 0 1 5  
1.0432 
1 . 5 4 2 3  
2 4 1 . t 8 5 3  15.2438 
251.6853 10.0238 
261.6853 b s t 2 5 2  
281 . t853  2.9386 
291 . t853  1.9717 
27i . t .e53 4 . 4 3 1 3  
4.2987 126.4194 7.1385 1.0981 1.0979 - 9 9 9 8  
4.5632 128.8410 7.3227 1.0954 1.0951 - 9 9 9 7  






~ 1 3 9 5 E - 0 4  
.1432E-04 
~ 1 4 6 9 E - 0 4  
-1505E-04  
-1541E-04 




















- 6 7 3 1  
- 6 6 2 7  
a6538 
- 6 4 6 1  
.6393 
5.1119 133.5383 7 . 6 7 8 6  1.0907 1 .0901  ~ 9 9 9 5  
5.3956 135.8149 7.8505 1.0886 1.0878 - 9 9 9 3  
5.6854 138.0428 8.0186 1.0867 1.0856 - 9 9 9 0  
5.9809 140.2197 8.1830 1.0850 1.0834 - 9 9 8 6  3C1.6853 1.3293 
311 . t853  - 9 0 0 6  
321. t853 e6130 
331.C853 ~ 4 1 9 2  
341.6853 a2881 
351 . t853  - 1 9 9 0  
6.2819 142.3420 8.3439 1.0834 1.0812 ,9980 
6.5582 144.4040 8.5016 1.0820 1.0790 - 9 9 7 3  
6.8992 146.3971 8.6563 1.0808 1.0767 a9962 
- 6 3 3 4  . b 2 8 1  




14d.3098 8 . 8 0 8 5  1.0798 1.0742 
150.1261 8.9586 1.5790 1.0714 




- 9 8 7 1  
- 9 7 8 0  
.9az6  
- 6 1 9 2  
6156  
.6124 
- 6 0 9 7  
361.6R53 - 1 3 8 1  
371.6853 a0964 
381.6853 .067b 
389.9096 . 0 5 0 7  
2.2b38 
3.2983 




153.3805 9.2558 1.0784 
154.7545 9.4049 1.0788 
155.7351 9.5292 1.0755 
S I R -  9.5000 
c /R Y 
P a 
130.9564 7.4810 1.0932 
1 3 3 . 2 9 t l  7 .6571  1.0909 
1 . 0 6 4 4  
l.Obr)O 
1.0557 
,1720E-04 .2515E-01 .bo75  
-1751E-04  .2600E-01 - 6 0 6 2  



























- 9 9 2 2  
.9896 
.9861  
- 9 8 1 5  
.9806 
.1274E-04 .1336E-01 - 6 7 4 4  
e1314E-04 a1431E-01 - 6 6 3 8  
.1352 t -04  .1527E-01 - 6 5 4 7  
.1390E-O4 . 1623€-01  - 6 4 6 9  
.1427E-04 .1719E-01 e 6 4 0 0  
.1464E-04 .1816 i -O1  - 6 3 3 9  
270.4983 10.1201 .0159 
280.4983 6.7523 a0247 



























- 2 0 4 5  
- 3 0 6 9  
.4578 
















,1500E-04 ~ 1 9 1 2 E - 0 1  - 6 2 8 5  
-1536E-04 .2008E-01 ~ 6 2 3 6  












,1606E-04 .22OlE-Ol  - 6 1 5 3  
. lb40E-04 a2298E-01 - 6 1 1 7  
.1675E-04 .2396€-01  e6085  
.1709E-04 -2494E-01  - 6 0 5 6  
-1744E-04 -2593E-01  ~ 6 0 3 1  
~ 1 7 7 9 E - 0 4  -2694E-01  - 6 0 1 1  
.18 lbE-04  .2796E-01 - 5 9 9 5  
.1822E-04 -2815E-01  - 5 9 9 3  
3 7 0 i 4 9 8 3  - 2 1 8 7  


















c / R  Y 
P 
a 
135.443: 7 .8161  1.0888 
139.9326 8.1484 1.0849 
142.1182 8 .3087  1.0832 
144.2650 8.4651 1.0816 
146.3727 8.6178 1.0801 
148.4399 8.7669 1 . 0 7 8 7  
150.4642 8.9125 1.0775 
152.4423 9.0548 1.0764 
154.3689 9.1939 1.0754 
156.2370 9.3302 1.0745 
158.0368 9.4639 1.0738 















~ 9 9 1 6  
.9888 
.9853 
- 9 8 2 9  








349.7609 1 .0201  
359.7609 .7058 
369.7609 - 4 9 0 4  
379.7609 - 3 4 2 3  
389.7609 - 2 4 0 0  
399.7609 ,1690 
409.7609 - 1 1 9 6  
419.7609 - 0 8 5 1  
429.7609 .Ob08 
435.2147 - 0 5 0 8  
h /RT k 
.15tOE-01 .6553 
.1616E-01 - 6 4 7 4  
.1712E-01 0 6404 
.1808E-01 - 6 3 4 2  
.1904E-01 - 6 2 8 7  
.2000€-01  .6238 
.2096€-01  .6193 
-2193k -01  6153  
.2289€-01  .6115 
P 
- 0 1 0 9  
.0169  
- 0 2 5 9  
e0396 . 0 6 0 1  
.0907 
.1363 






























- 3 0 2 5  
.4471  





.1670€-04 .238bE-01 . b o 8 1  
.1704E-04 aZ483E-01 - 6 0 5 0  









159.7560 9.5955 1.0733 
161.3787 9.7256 1.0730 






.1771E-04 eZb78E-01 - 5 9 9 5  
.18.05E-04 .2777E-01 ,5971  
.1839E-04 .2877€-01  - 5 9 5 1  
-1874E-04 ~ 2 9 7 8 E - 0 1  - 5 9 3 5  
.1894E-04 .3035E-01 - 5 9 2 1  
10.2028 
10.3924 
164.2549 9.9844 1.0734 
164.9353 10.0554 1.0738 
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TABLE V.- Continued 
a 
139.8891 

































- 9 9 1 0  
- 9 8 8 2  
.9850 
P k P 
- 0 1 1 7  
sC178 
- 0 2 7 1  
- 0 4 1 0  
- 0 6 1  5 
.0920 
- 1 3 6 8  
,2024  
.2979 
. 4 3 6 3  
- 6 3 5 8  
a9217  
1 .3291  





- 0 1 2 5  
. o l e 8  
. C 2 8 3  
, 0 4 2 3  
- 0 6 3 0  
- 0 9 3 2  
.1372  
.2010 
- 2 9 3 2  
- 4 2 5 5  
.6146 
. e 8 3 3  







- 0 1 3 3  
- 0 1 9 8  
- 0 2 9 5  
- 0 4 3 7  
- 0 6 4 3  
- 0 9 4 2  
~ 1 3 7 4  
.1995 
. E 8 8 2  
















































,1768E-04 . 1 BOO€-04  
a1833E-04 
.1866E-04 
-1899E-04 '  
-193ZE-04 











1 .0781  
1.0766 












~ 6 3 4 4  
a6288  
a 6 2 3 9  
- 6 1 9 4  
- 6 1 5 2  





~ 5 9 6 1  
.5937 
- 5 9 1 4  
.5894 
,5877 











- 7 5 6 1  
.5296 
- 3 7 2 5  























- 1 8 6 7  
a1330 
- 0 9  53 
- 0 6 8 6  
,0508 
9.8647 



















- 9 9 7 6  






- 9 8 6 9  
k a c /R Y P 'T 

































144.2982 8.4624 1.0815 
146.4273 8.6146 1.0799 
-1497E-04 
1 5 3  2 E-0 4 







































- 6 2 8 7  
, 6238  
- 6 1 9 2  
,6151  
- 6 1 1 3  
- 6 0 7 8  
- 6 0 4 5  
- 6 0 1 4  
.5984 
.5957 
- 5 9 3 0  





- 5 8 0 5  









1 8 0 7 2 6  
1.0717 
1.0709 
164.0993 9.8205 1.0702 
165.8666 9.9382 1.0696 
167.5779 10.0532 1.0691 
169.2241 10.1661 1.0688 
1 7 0 - 7 9 4 4  10.2772 1.0687 










- 4 0 5 0  











~ 3 2 5 7 E - 0 1  
~ 3 3 5 7 E - 0 1  
~34 '59E-01 




e 2 8 8 3  
-2061 




- 1 0 6 7  
- 0 7 7 3  
~ 0 5 6 2  







S IR-11 .5000  
a 
cP/R 



























- 9 9 9 2  
.9989 
.9985 
- 9 9 8 0  
.9974 
- 9 9 6 6  
.9956 
,9943 
- 9 9 2 6  
.9905 
- 9 8 8 6  
k h/RT V 
i c 8 . 6 7 7 5  
150.7458 














177 .b471  

































































.3257E-01 . w n t a  
t ¶ S Y +  
.31S4641 
B T B l t 4  
. n i u - e a  
- 6 1 8 9  
.6148 
6 1 1 0  
.b075 
-6042  
a b 0 1 1  
- 5 9 8 1  
.5953 
,5926 
- 5 9 0 0  
- 5 8 7 4  
- 5 8 5 0  
,5827 




- 5 7 3 6  
3 6 0 - 3 3 6 2  


































- 6 1 6 3  
, 4 4 0 2  
.3157 
- 2 2 7 4  
i 0 . i t . i ~  
10.2684 
10.3'729 - 1 6 4 4  








































3 8 1  - 5 0 4 7  





































4 1 5 - 4 2 6 5  
425.4265 
4 3 5 - 4 2 6 5  
4 4 5 - 4 2 6 5  
455.4265 
465.4265 











5 8 5 - 4 2 6 5  











- 6 6 4 4  
. 4 7 8 3  
.3457 
.2508 
- 1 8 2 7  
.1336 


































- 7 7 1 7  
- 5 6 4 3  
A 1 4 2  
- 3 0 5 1  
.225b 
1 6 7 5  
.1248 
,0933 




- 0 1 4 1  
.0209 
- 0 3 0 7  
~ 0 4 5 0  
- 0 6 5 6  
- 0 9 5 1  
.1374 
- 1 9 7 7  
- 2 8 3 1  
,4035 
- 5 7 2 7  









- 0 1 5 0  
no219  
,0319 




















- 0 4 7 5  
- 0 6 7 9  

































1 4  - 0 9 3 2  
14.1657 


















































































c /R Y 
.P 
157.3774 9.3633 1.0731 
159.3355 9.4913 1.0720 
161.2690 9.6157 1.0710 
163.1783 9.7364 1.0701 
165. t036 9.8536 1.0692 



















i . 0652  
1.0647 
i79.2300 10.6675 1.0644 
180.8632 10.7553 1.0641 
182.4558 10.8406 1.0639 
184.0036 10.9236 1.0638 
185.5020 11.0047 1.0639 
186.9473 11.0844 1.0641 










1 7 q r  3508 
178.0805 
179.7856 





























































































































~ 9 9  65 
.9954 
- 9 9 4 1  
a9925 
a9905 









- 9 9 9 6  
.9994 


























~ 9 9 7 1  















, 1 9 5 8 i - 0 4  
.1989 i -O4  
.2019E-04 
















. 2 0 2 2 € - 0 4  
.2051E-O4 
,2081E-04 







.18 lbE-04  
-1848E-04  
.1878E-04 










.22OOE-O4 . 2229E-04 
. 2 2 5 8 E 4 4  . 2288E-04 
.2319E-04 
, 2323E-04  
k 

























































. 4 4 7 4 t - 0 1  
.4490E-01 
- 6 1 0 6  





- 5 9 2 1  
.5895 









- 5 6 7 2  








- 5 8 9 0  
a5864 
.5839 
- 5 8 1 4  
.5789 
.5765 




- 5 6 5 1  
.5630 
~ 5 6 1 1  
5 6 0 0  
Npr 
- 5 9 6 6  
.5937 








- 5 7 0 9  
05685 
,5661  
- 5 6 3 7  
.5614 
- 5 5 9 1  
~ 5 5 6 9  
.5548 
- 5 5 2 8  
.5525 
101 
TABLE V.- Continued 














1 5  - 2 0 5 9  
15.6096 
16.0148 
16 .4211  
16.4418 
a c / R  Y P y e  
!J T V P 
428.2326 15.2386 
438.2326 10.6690 
- 0 1 6 7  





- 1 3 6 8  
- 1 9 1 4  
16b.f-354 9.9103 

























- 9 9 8 6  






































,439 lE -01  








- 5 7 5 0  
,5726  
- 5 7 0 1  
.5676 
- 5 6 5 2  
~ 5 6 2 7  






















508 .232 t  1.1322 
518.2326 ~ 8 3 1 5  
526.2326 ,6129 
538.2326 - 4 5 3 4  



















, 7 0 5 1  
.9671  
1.3211 
185.3840 10.9444 1.0623 
187.C151 11.0185 1.3620 
190.2000 11.1579 1.0615 
191.7506 11.2236 1.0614 
193.2710 11.2868 1.0614 
i n 8 . 6 2 1 0  11.0896 1.0617 558.2326 -250B 




588.2326 - 1 0 6 1  
588.6869 - 1 0 4 1  
3.2860 
3.3502 193.3696 11.2909 1.0614 
5 IR-14.0000 
1.0577 
h /RT a c /R Y P 
k T V 
451 .6151  15.2438 








541.6151 - 8 9 6 8  
551.6151 - 6 6 6 3  
561.6151 .4967 
571.6151 .3716 
561.6151 - 2 7 9 0  






~ 9 9 9 6  
.9998 
.9997 





~ 9 9 6 9  
.9986 
a9964 

















170.3625 10.1651 1.0669 
172.1782 10 .2681  1.0662 
173.9746 10.3676 1.0655 
175.7527 10.4635 1.0649 
177.5123 10.5560 1.0643 
179.2537 10.6449 1.0638 






























~ 5 7 9 1  - 0 3 5 4  
.0499 
a 0700 
- 0 9 7 8  
.1362  











~ 4 0 3 3 E - 0 1  





- 5 7 6 6  
.57CZ 
- 5 7 1 7  
- 5 6 9 2  
- 5 6 6 7  182.6824 10.6125 1.0628 
184.3695 10.6912 1.0623 
167 . t878  11.0387 1.0616 
189.3181 11.1075 1.0612 
186.0381 10.9666 1.0619 
- 5 6 4 2  
.5617 
- 5 5 9 1  
.5566 
s 5540 










190.9261 11.1733 1.0610 
192.5171 11.2360 1.0607 
193.6592 11.2798 1.0606 1.0589 
5 IR.14.4000 
Z P h /RT a cp/R Y 'e !J T V 
475.6443 15.2389 








565.6443 - 9 6 6 9  
575.6443 ~ 7 2 4 2  
585.6443 - 5 4 4 3  
586.6669 - 4 9 6 4  
.0166 11.9613 174.7016 10.4065 1.0652 1.0652 1.0000 -1999E-04 .3399E-01 e5761  
.0261  12.3439 176.4747 10.5009 1.0646 1.0646 ,9999 .ZOZBE-04 .3495E-01 .5756 
-0366 12.7299 1 7 8 - 2 3 0 2  10.5918 1.0640 1.0640 - 9 9 9 9  62057E-04 -3591E-01 - 5 7 3 1  .....
.0510 i3 .1192 i 7 9 . 9 6 6 7  10.6762 1.0635 1.0634 .9999 ~ 2 0 6 5 E - 0 4  .3667E-01 ~ 5 7 0 7  
.0710 13.5115 181.6902 10.7632 1.0630 1.0628 ,9999 .2114E-04 .3763€-01 a5662 
.0982 13.9068 1 6 3 - 3 9 5 1  10.8437 1.0625 1.0623 ,9998 .214ZE-O4 -3879E-01  . 5656  
. I 3 5 5  14.3048 165.0636 10.9207 1.0621 1.0616 - 9 9 9 6  e2170E-04 .3975E-01 - 5 6 3 1  
. l a b 2  14.7056 186.7557 10.9944 1.0616 1.0613 .9997 a2197E-04 .4071E-01 . ) b o b  _..~ 
.2549 15.1068 186.4113 11.0647 1.0613 1.0609 - 9 9 9 6  .2224E-04 ,4167E-01 ,5580 
.3476 15.5145 190.0505 11.1316 1,0609 1.0604 ~ 9 9 9 6  .2252E-04 m4263E-01 e5554 
.4723 15.9223 191.6730 11.1953 1.0606 1.0600 a9994  -2279E-04 .4360E-01 -5528 
- 6 3 9 3  16.3321 193.2785 11.2556 1.0603 1.0596 ,9993 .2305E-04 .44561-01 - 5 5 0 1  
.7047 16.4654 193.7956 11.2747 1.0602 1.0595 - 9 9 9 2  -2314E-04 e4487E-01 ,5493 
102 










580.3253 i . 3 a 6 7  




















s I R ~ 1 5 . 0 0 0 0  
z 
Y 'e c / R  P P h /RT a P k Npr 
* 0 1 9 5  12.9119 179.0534 10.6330 1.0638 1.0637 1.0000 a2070E-04 m3636E-01 m5720 
- 0 2 7 2  13.3027 180.7861 10.7187 1.0632 1.0632 - 9 9 9 9  -2099E-04 -3732E-01 - 5 6 9 5  
-0377 13.6965 182.5026 10.8009 1.0627 1.0627 - 9 9 9 9 .  .2127E-04 -3828E-01  - 5 6 7 0  
- 0 5 2 2  14.0933 184.2034 10.8797 1.0623 1.0622 a9999 .2155E-04 .3924E-01 ,5644 
- 0 7 1 8  14.4928 185.8886 10.9550 1.0618 1.0617 - 9 9 9 9  .2182E-04 .4020€-01 ,5619 
~ 0 9 8 5  14.8949 187.5587 11.0268 1.0614 1.0612 ,9999 .22 lOE-04 .4116E-01 ,5593 
,1347  15.2996 189.2136 11.0953 1.0610 1.0608 .9998 .2237E-04 .4212E-01 - 5 5 6 7  
- 1 8 3 4  15.7066 190.8537 11.1604 1.0607 1.0604 .9998 -2264E-04 .4308E-01 - 5 5 4 1  
- 2 4 8 7  16.1159 192.4790 11.2222 1.0603 1.0600 - 9 9 9 7  .2291E-04 n4404E-01 - 5 5 1 4  
~ 3 2 2 0  16.4680 193.8590 11.2724 1.0601 1.0597 - 9 9 9 7  -2313E-04 -4486E-01  - 5 4 9 1  
P h /RT a 
s /r \-15.5000 
P k Npr 
.C205 13.9098 183.4261 10.8435 1.0625 1.0624 1.0000 -214ZE-04 -3879E-01  -5656 
e0283 14.3082 185.1203 10.9204 1.0620 1.0619 1.0000 .2170E-04 ,39751-03 - 5 6 3 1  
" 0 3 8 9  14.7092 186.7997 10.9937 1.0616 1.0615 - 9 9 9 9  -2197E-04 .4071E-01 - 5 6 0 5  
.Ob32 15.1129 188.4645 11.0637 1.0612 1.0611 - 9 9 9 9  -2224E-04 .4167€-01 -5579'  
- 5 7 2 6  15.5190 190 .1150  11.1302 1.0608 1.0607 - 9 9 9 9  .2251E-04 -4263E-01  ,5553 
- 0 9 8 7  15.9274 191.7516 11.1933 1.0604 1.0603 - 9 9 9 9  .2278EL04 ,4359E-01 ,5526 
- 1 3 3 6  16.3380 1 9 3 - 3 7 4 4  11.2530 1.0601 1.0599 - 9 9 9 9  .2305€-04 -4455E-01  - 5 5 0 0  
-147C 16.4692 193 .8881  11.2713 1.0600 1.0598 - 9 9 9 8  .2313€-04 .4+86E-O1 - 5 4 9 1  
5 /R.16.0000 
Z P h 'RT a Y y e  c /R P k NPr 
- 0 2 1 5  14.9568 187.8288 11.0369 1.0613 1.0613 1.0000 ~ 2 2 1 4 E - 0 4  -4130E-01  - 5 5 8 9  
- 0 2 9 4  15 .3621  189.4863 11.1047 1.0609 1.0609 1.0000 .2241E-04 .4226E-01 - 5 5 6 3  
- 0 4 G O  15.7697 191.1301 11.1690 1.0605 1.0605 1.0000 .2268E-04 a4322E-01 - 5 9 3 7  
- 0 5 4 3  16.1796 192.7606 11.2300 1.0602 1 .0601  - 9 9 9 9  -2294E-04 -4418E-01  ,5510 
.C671 16.4697 193.9014 11.2709 1.0600 1.0599 - 9 9 9 9  -2313E-04 -4485E-01  - 5 4 9 1  
SIR-16.5000 
Z Y 'e c / R  P P h /RT a CI k Npr 
.a226 16.0544 192 .2690  11.2115 1.0603 1.0602 1.0000 .2286E-04 -4388E-01  - 5 5 1 8  
,0305 16.4659 1 9 3 - 8 9 1 6  11.2701 1,0599 1.0599 1.0000 -2313E-04 -4484E-01 ~ 5 4 9 1  
- 0 3 0 6  16.4700 193.9075 11.2706 1.0599 1.0599 1.0000 ,2313E-04 .448?E-01 - 5 4 9 1  
\ 
I 




OF C4Fg AT CONSTANT ENTROPY 
S /R = 6.0000 
T 










316 .7625  










- 8 8 6 9  
,8300 
- 7 5 6 2  
, 6 6 4 2  
.5582 
- 4 4 5 0  
- 4 1 5 3  
' Z  
- 9 9 5 1  
, 9 9 1 8  
- 9 8 6 3  
.9774  
, 9 6 3 2  
~ 9 4 1 1  
- 9 0 8 1  
. 8 6 0 8  
e7969  





- 9 9 6 0  
.9933  
.9889  
.9817  -9f .88 6 
iF 
i Z  
IJ k 

































0 .0000  
0.0000 























4.7354 i99 .7922  6.9990 1 .0694  1.0630 
4.98d0 *101.5159 7 .2125  1.0689 1 .0579  
5.2431 * '102.9377 7.4354 1 .0b94  1 .0510  
5.4976 , 103.8950 7.6764 1 .0715  1.0407 
5.7471 ./ 104.1379 7.9494 1 .0763  1.0250 
5.9654 ' 133 .3082  8.2772 1.0854 1.0008 
- 7 2 6 6  .1323  
.3869 
-2094 
- 1 1 5 5  
- 0 6 5 3  
.0380 
~ 0 2 2 9  
.0144 
.CO94 
- 0 0 6 3  
.0044 
- 0 0 4 1  
V 
1 . 3 8 3 3  
- 7 3 7 0  
.3973 
mi172 
- 1 2 0 7  
.Gb85 
-0399  




. 0045  
0 0 0 3 9  
V 











- 0 0 4 6  
.0038 
V 















- 2 5 7 2  
.4869 
. 9039  





6i2046 100 .9331  8.6976 l . i G 2 3  
6 .3965  96 .4491  9.2818 1.1338 
e 9 6 3 7  
a9080 
- 8 2 6 3  
- 7 0 9 5  
- 5 4 8 2  
m3376 
e2754  
6 .6301  6.553,8 89.2545 10 .1917  1 .1966  . 
3 .2272  6.6720 78 .7688  11.9331 1 .3437  
11.R18O 6.7507 64 .k718  17.3182 1.8687 
13 .8663  
1 4 . 2 4 7 1  
6.7939 45.8552 -90.4504 -9.3630 
6 .8003  40 .1683  -19.1988 -1.9669 
, 
5 I R -  h.5000 
. T  P D 
5.1i9.48 12%'$-104 7.3325 1.0656 1.0604 
5.4625""T05.2217 7 .5355  .' 1 .0650  1 .0562  
5.7292 106.6802 7.7450 / 1 . 0 6 5 1  1.0504 
107.7515 7.9677:' 1 .0165 1 .0419  
106.2266 8.2144 1.0698 1 .0291  
107 .7997  1 8 .5017  1 .0763  1 .0095  
136 .0570  ' .8 .8572 1.0882 .9794 
102 .4943  9 .3281  1.1097 , 9 3 4 3  
96 .5815  10.0089 1 .1502  - 8 6 8 4  






304 -2 946  
314.2946 
324 .2946  
334.2946 
3 4 4 . 2 9 4 6  
354.2946 
358 .3345  
.0721  
.14G4 
- 2 6 9 1  
.50t4 





6 . 2 6 3 8  
6 .5203  
6.7600 
6 .4764  
7.1597 
















8 .1911  
















AVAl  LABLE 
7.1272 
10.2239 
13 .6199  
87.8814 
76 .2465  




107 .1753  
108.8678 
113 .3472  
11.1326 1 .2333  
13.4841 1.4387 
21.8273 2.2447 
- 7 7 6 1  
.6537  
- 5 0 6 5  
.445C 
'e 
1 .0580  
1 .0545  
1 .0496  
1.0426 
1.0321. 
a 9 9 1 6  
.9549 
- 9 0 1 7  
1. .. 01-6 i 
i 6 . 8 3 7 3  
17 .9803  3b.4997 3.7008 
I R .  7.0000 
cD/R Y T 
262 .2624  
272.2624 






8.0531 1 .0616  
8.2600 1.0624 
8.4846 1 .0647  
8 .7395  1 . 0 6 9 3  
.0775  
.28G9 
. i c a 5  
.5227  
.9534  
1 . 6 9 4 7  
2.9139 
4.8009 
111 .5021  
112 .1  583 
112 .0572  312.2 624 
322.2624 
332.2624 




AVAl  LABLE 
110 .8419  9.0449 1 .0778  a -  
108 .0680  9.4340 1.0930.' 





90.L803 10.7674 Lcl"726 
8 6 - 5 1  59 '1 1 5 0 V l .  2803 







377.2920 69.7780 18.0791 1.8160 
S I R -  7.5000 





8.7571 1 .0606  





1 1 0 - 7 9 2 4  
112.4619 
113 .9508  
115 .1665  
11 5.9 6 4 2  
1 1 6 . 1 2 7 3  
T 















, 0 5 5 8  / .99d7 
- 0 5 2 8  r e9945  
- 0 4 8 7  - 9 9 0 8  
-0429 - 9 8 5 0  
1.0342' . 9756  
1 .0211  - 9 6 1 0  
1.0011 .9387  
a 9 7 1 3  e 9 0 6 1  
, 9 2 8 3  . e604  
,8694  - 8 0 0 6  
~ 7 9 . 5 5  - 7 2 7 8  
.7$60 - 6 4 6 8  
- 6 7 5 2  - 5 9 7 9  
.OB30 
. 1 5 6 1  
.e923 
. 9721  
1 . 7 1 9 5  
.5377 
NOT 













11.5460 1 .2002  
13.1356 1.3273 





234 .9596  
244.9 596  
254.9596 

















300.3 75 8 






















TABLE VI.- THERMODYNAMIC AND TRANSPORT PROPERTIES 
OF C4Fg AT CONSTANT ENTROPY 
V 
3 
in I kg  
1.5550 
- 8 1 5 2  
- 4 3 3 0  
.2336  





. 4448  
.2425 
.1343  










- 0 7 9 9  
a 0 4 6 4  
~ 0 2 7 6  
- 0 1 7 0  
,0108 
- 0 0 7 1  
- 0 0 4 9  








, 0 4 9 1  
e 0 2 9 3  
r O l b O  
. c114  
.G575 
- 0 0 5 1  ' 20.7854 


































- 0 7 3 3  






















































8 .9655  
SIR = 6.0000 
a c I R  
P 
mlsec 
99 .4580  6 .9611  
101.2238 7.1735 
102.7100 7.3942 
103.7666 7 .6311  
104.1614 7.8970 
103.9185 8.0905 
s/R = 6.5000 
a c I R  
P 
103.1746 7.2955 
104 .9221  7.4977 
106 .4355  7.7056 
107.5915 7.9253 
108 .1963  8.1664 
107 .9636  8.4446 
106 ,4993  8.7846 
103.3125 9.2293 
99.6076 9.6621 





1 1 1 . 3 1 6 1  
112 .0833  
112.1493 
111.1760 
108 .7328  
104 .3469  
97. b 2 5 8  
88 .4810  
77.5 1 3 0  
72.6136 











10 .5857  
11.8164 
14 .3131  
16.3325 
slR = 7.5000 
a c IR 
P 
110 .4550  7.9531 
112 .1520  8.1365 
113.6816 8.3220 
114 .9594  8.5133 
115 .8520  8 .7161  
116 .1582  8.9391 
115.5917 9.1963 
113 .7811  9.5094 
110 .3120  9.9146 
104.8453 10.4773 
97.3472 11.3288 
88.4609 12 .7531  
U3.7255 13.9258 
Y 











































1. 3 9 4 1  
Ye 























- 9 9 7 0  
- 9 6 3 0  
- 9 1 3 2  
, 8 4 3 6  
- 7 5 2 7  
- 6 4 6 6  












- 8 1 0 6  
,7308 
- 6 9 1 6  
Z 
.9946 
- 9 9 0 6  
.9845  
.9744  







- 9 6 6 3  
,9459 
- 9 1 5 1  
.8707  
. t i282 
2 




1 9 7 2 8  
- 9 5 6 2  
- 9 3 1 0  
, 8 9 4 1  
- 8 4 2 8  
,7758 
- 6 9 4 5  
~ 6 0 3 6  
e 5 6 3 3  
Z 
e9970  
- 9 9 5 0  
- 4 9 1 7  





- 8 7 0 3  
~ 8 1 3 2  
.7427  



























































































































~ 7 6 6 6  
-4286 
a 2 4 2 0  
e1382 
.OB00 
~ 0 4 7 1  






































































































































































S I R .  8.0000 
a c /R Y P 
114.3689 8.3091 1.0568 
116.0129 8.4837 1.0561 
117.5027 8.6597 1.0558 
118.7617 8.8402 1,0561 
119.6697 9.0299 1.0572 
120.0466 9.2361 1.0596 
ii9.6375 9.4703 1.0642 
118.1149 9.7501 1.5722 
115.1231 10.1036 1.0862 
110.4022 10.5785 1.1104 
104.0303 11.2588 1.1531 
96.7832 12.2878 1.2278 
91.9598 13.3525 1.3117 
S I R .  8.5000 
a cD/R Y 
117.9107 8.6240 1.0544 
119.5274 8.7899 1.0538 
121.0120 8.9563 1.0535 
122.3009 9.1254 1.0536 
123.2948 9.3009 1.0543 
123.8448 9.4886 1.0561 
123.7393 9.6969 1.0595 
122.7044 9.9390 1.0655 
120.4386 10.2355 1.0758 
116.7203 10.6184 1,0933 
111.6242 11.1391 1.1228 
105,8419 11.8715 1.1714 
101.3991 12.7462 1.2353 
S I R -  9.0000 
c / R  Y P 
a 
121.4243 8.9326 1.0524 
123.0129 9.0902 1.0518 
124.4877 9.2474 1.0514 
125.7962 9.4060 1.0514 
126.8565 9.5690 1.0519 
127.5462 9.7406' 1.0532 
127.6918 9.9275 1.0558 
127.0673 10.1395 1.0603 
125.4225 10.3918 1.0681 
122.5719 10.7072 1.0810 
118.5816 11.1192 1.1023 
114.0497 11.6713 1.1359 
110.3311 12.3941 1.1850 
110.1566 12.4479 1.1888 
s I R -  9.5000 
c /R Y P a 
124.9128 9.2342 1.0505 
126.4730 9.3835 1.0499 
127.9350 9.5319 1.0496 
129.2554 9.6809 1.0495 
130.3671 9.8325 1.0498 
131.1701 9.9901 1.0508 
131.5236 10.1589 1.0528 
131.2440 10.3464 1.0563 
130.1276 10.5639 1.0622 
128.0233 10.8280 1.0720 
124.9881 11.1619 1.0877 
121.5290 11.5938 1.1119 
118.8101 12.141m 1.1466 










































- 8 6 3 6  























































































0 . 0 0 0 0  
0.0000 
0 .0000  
0.0000 










0 .0000  
0 .0000  
0.0000 
0.0000 





AV A I LAB LE 









0 . 0 0 0 0  










































Z Y Ye  c /R P 
9.3281 1.0488 1.0472 ,9905 
9.6695 1.0483 1.0457 -9976 
9.8095 1.0479 1.0439 -9962 
9.9492 1.0478 1.0414 a9939 
10.0904 1.0480 1.0379 .9904 
10.2357 1.0488 1.0329 e9850 
































































































, 0 0 4 6  




. 4 8 4 1  
- 2 8 9 3  
-1741 
-1057 













e l 8 2 4  
.1118 























































































0 .0000  
0.0000 
0 .0000  
NOT 
AVAILABLE 
10.5561 1.0530 1.0155 -9650 
10.7457 1.0576 1.0013 -9479 
10.9700 1.0651 .9829 -9245 
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TABLE VI.- Concluded 
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Figure 1.- Pressure enthalpy diagram for CBrF3 with lines of constant entropy, 
volume, and temperature. 
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10 
F i g u r e  2.- P r e s s u r e  e n t h a l p y  diagram f o r  CBrF3 w i t h  l i n e s  o f  
volume, and c o m p r e s s i b i l i t y  f a c t o r .  
M lm 
c o n s t a n t  en t ropy ,  
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